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CALFED BAY-DELTA PROGRAM
ECOSYSTEM RESTORATION PROGRAM PLAN

OVERVIEW intervention to repopulate fish and wildlife that
have commercial, recreational, and biological

The mission of the CALFED Bay-Delta Program importance to society (e.g., hatchery programs
and expensive re-engineered water diversions)~

is to develop a long-term comprehensive plan thatpopulations have not been sustained at stable,
will restore ecosystem health and improve waterhealthy levels that support historic utilization of
management for beneficial uses of the Bay-Deltathose resources.
system. The Program addresses problems in four
resource areas: ecosystem quality, water quality,Historic efforts at individual species regulation

and management will be replaced by an integratedlevee system integrity, and water supply
reliability. Programs to address problems in thesystems approach that aims to reverse the
four resource areas will be designed and.fundamental causes of decline in fish and wildlife
integrated to fulfill the CALFED mission, populations. A systems approach will recognize

the natural forces that created historic habitats and
The goal for ecosystem quality is to improve anduse these forces to help regenerate habitats. The
increase aquatic and terrestrial habitats andBay-Delta ecosystem is not simply a list of
improve ecological functions in the Bay-Delta tospecies. Rather, it is a complex living system
support sustainable populations of diverse andsustained by innumerable interactions that are
valuable plant and animal species. The CALFEDphysical, climatic, chemical, and biological in
EcosystemRestorationProgramPlan (ERPP) nature, both within and outside of the geo~graphic
addresses this goal. The foundation of the ERPPboundaries of the Delta. The central theme of theis restoration of ecological processes that areERPP is the recognition that truly durable and
associated with streamflow, stream channels,
watersheds, and floodplains. These processes
create and maintain habitats essential to the life
history of species dependent on the Delta. In
addition, the Program aims to reduce the effects
of stressors that inhibit ecological processes,
habitats, and species.

The ecological hub of the Central Valley is the
Sacramento-San Joaquin Delta and Bay. The
ERPP signals a fundamental shift in the way
ecological resources of the Central Valley are
managed. For many decades, government
entities, non-profit organizations, and the private
sector have engaged in managing, protecting,
regulating, and in some cases breeding fish and
wildlife species of the Bay and Delta - yet many
populations have not recovered sufficiently and
remain in decline. In spite of constant human
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|
resilient populations of all fish and wildlifehave to be introduced, habitats may have to be
inhabiting the Bay and Delta require, above all: constructed, and vegetation planted. Still, an
else, the rehabilitation of ecological prbcessesimportant part of the approach is to recommend i
throughout the Central Valley river and estuarymeasures that in the long-term will limit the need-
systems and watersheds, for continued human intervention.

The ERPP is fundamentally different from manyImplementation of the ERPP is further guided by
past efforts in another way as well. It is notthe recognition that all landscape units and
designed as mitigation for projects to improvephysical and biological components of the
water supply reliability or to bolster the integrityecosystem are interdependent and dynamic.
of Delta levees; improving ecological processesInterdependence means that actions and stressors
and increasing the amount and quality of habitatin one part of the system can and do affect /
are co-equal with other program goals related topopulations and conditions that may be separated |
water supply reliability, water quality, and leveeby hundreds of miles (e.g., in watersheds and
system integrity. Solving serious and long-spawning tributaries), or affect the food web in
standing problems in each of these resource areasways that may not be felt for several years. |will require an ambitious, integrated, long-term
program. Dynamic refers to the exposure of natural systems -

to constant cycles of change in response to both
The ERPP, like. all components of Bay-Deltahuman and natural factors. Most habitats undergo
solution alternatives, is being developed andexpansions and contractions, or shitts in space and
evaluated at a programmatic level. The complextime. The dynamic nature of healthy habitats is
and comprehensive nature of a Bay-Delta solutionthe cause of much biological diversity, and
means that it will necessarily be composed ofcomplex habitats tend to make species

.many different programs, projects, and actionspopulations more resilient to change. If the
that will be implemented over time. During themosaic of habitats distributed across a broad
current phase of the Program, solution alternativeslandscape is complex, and if large areas of habitat
will be evaluated as sets of programs and projectsare connected by smaller patches and corridors ¯
so that broad benefits and impacts can besuch as those associated with riparian systems,
identified. In the next phase of the Program, morethen healthy areas of the ecosystem can be relied
focused analysis, environmental documentation,upon to sustain species during temporary setbacks 1
and implementation of specific programs andin other areas.
actions will occur.

The CALFED goal for ecosystem quality will be
GEOGRAPHIC SCOPE

achieved by developing implementationThe geographic scope of the ERPP is defined by
objectives and targets and programmatic actionsthe interdependence and linkage of watersheds,

1that can be implemented to restore ecologicalstreams, rivers and the Bay-Delta and the complex
processes. Th~ restoration of these processes islife histories of the dependent fish, wildlife and
intended to restore and maintain habitats, and toplant communities. The restoration of ecological
provide for the needs of the species dependent onprocesses requires implementation of actions
a healthy Bay-Delta system. For example,throughout much of the Central Valley, its upper
restoring stream channels contributes towatersheds, the Bay-Delta, and near-shore ocean: ¯sediments, nutrients, and a variety of habitats.The primary geographic focus is the Bay-Delta,
The strategy recognizes that not all processes canthe Sacramento River, the San Joaquin River, and
or should be completely restored and thattheir tributary watersheds directly connected to
intervention,manipulation,andmanagementwill the Bay=Delta system below major dams and 1be required. For example, streambed gravel may

F ~
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reservoirs. Secondarily, the ERPP addresses, at aIndicators are features or attributes of the
programmatic level, the near-shore ocean and the~ ecosystem that are expected to change over time
upper watersheds above the major dams. in .response to implementation of the ERPP.

Indicators are selected to provide measurable
The primary geographic focus area for the ERPPevaluations of important ecological processes,
can be divided into 14 zones, each characterizedhabitats, and species whose status individually
by a predominant physical habitat type andand cumulatively provide an assessment of
species assemblage (Figure 1). These 14ecological health. Indicators of ecosystem health
ecological zones constitute the geographic areasare the gauges we will used to measure progress
in which the majority of restoration actions willtoward the goal. Some indicators are very broad
occur. The upper watersheds surrounding thein scale while others are very specific. For
primary focus area are important and addressedexample, a very broad or landscape level indicator
through general on of ecosystem might a comparisonactionsthatfocus watershed health be of the
processes, total area of riparian forest to historic coverage or

an evaluation of the average distance between
patches of such forest with closer patchesIMPLEMENTATIONSTRATEGY
indicating better health than more distant patches.

A large and diverse ecosystem like the Bay-Delta      A more .specific indicator might be the
concentration of toxic substances in the flesh ofisextremelycomplex.Therearemanyprocesses

and relationships at work in the ecosystem that areadult striped bass.

not fully understood. Thus, there are manyComprehensive monitoring is the process ofdifficulties and uncertainties associated with a
measuring the abundance, distribution, change orprogram to improve ecosystem health. In some

cases, problems are well understood and the stepsstatus of indicators. For example, contaminant

to improvement are clear. In other cases, there isconcentrations in fish tissues can be measured at

some understanding of the reasons for decline butvarious locations and times in the system to

this understanding is not sufficient to warrant full-determine if contaminant levels are changing.

scale implementation of remedial measures. In
This will allow progress to be measured~ allow

still other cases, additional research is needed
actions to be modified if necessary,and provide

before solutions can be identified with certainty,assurances that the restoration objectives are
being achieved.

The difficulties and uncertainties of ecosystem
restoration call for an implementation strategyFocused research will help answer questio~ns

about the system and its components and increasethat is flexible and can accommodate and respond
to new information. The foundation ofthe ERPPthe certainty surrounding the relationships of

ecological processes, habitats, and species. Forimplementation    strategy is    adaptive
example, the relationships among streamflow,management. Adaptive management is a process

of testing alternative ways of meeting objectives,storm events, flow-related shaping of river

and adapting future management actionschannels to modify habitaL and the physical and

according to what is learned. Adaptivechemical signals that flow provides for aquatic
species all need to be better understood formanagementreliesupon the identificationof

indicators of ecosystem health, comprehensiveeffective management of the system.

monitoring of indicators to measure improvement
over time, focused research, and phasing of

Phasing is the logical sequence of implementing
restoration actions to achieve CALFED goals as

actions, effectively as possible. Phasing will consider all
targets and programmatic actions and will be used
to prioritize actions. For example, actions

I ~ CAL~
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directed at recovering endangered species and proposed actions, suggest revisions to actions,
which are consistent with the long-term and identify needs for further research.
restoration program and contribute to ecological
resilience have a high priority. Early phases of5. Conduct immediate focused research to
the program will include restoration of ecological improve understanding of the ecosystem and
processes and habitats that are most important for the causes of identified problems identified in
endangered species recovery, reduction of the conceptual models and testable
stressors that affect threatened and endangered hypotheses. Use results from short-term
species, and other actions that may reduce studies to adjust the way that objectives are
conflicts between beneficial uses in the system, achieved, making refinements to the final
As restoration progresses and threats to ERPP targets, actions, and implementation
endangered species are reduced or eliminated, schedule.
restoration efforts can expand and focus on the
broader issue of restoring ecological health. 6. Develop and begin a phased

implementationprogramthatentails:
The ERPP will be refined and implemented
according to the steps listed below. = short-term implementation of ecosystem

restoration demonstration projects (e.g.,
1. Refine the ERPP based on broad public through Category III and related

participation, and using the best scientific programs), including stressor reduction
knowledge currently available in the short measures, to help threatened populations
term. begin recovering and to test the viability

and effectiveness of targets and actions,
2. Create an Ecosystem Science Program to

provide ongoing scientific evaluation of the ¯ coordinated monitoring, evaluation, and
ERPP. The Science Program will be a reporting of the results of recovery
collaborative effort among local and national, efforts, and the status of ecological
independent stakeholder and agency scientists indicators in the Bay-Delta and other
and technical experts convened to address zones, and
outstanding scientific issues and review the
ERPP. ¯ adaptive management of each successive

phase of ERPP implementation, including
3. Prepare conceptual models to describe the pragmatic adjustments to ecosystem

Bay-Delta ecosystem and the proposed targets, funding priorities, and restoration
actions of the ERPP. Conceptual models are techniques to ensure that public and
graphic and quantitative representations of private resources are well spent and
ecosystem processes, habitats, species, and complement other related efforts.
stressorinterrelationships. Conceptual models
will be used to test ERPP hypotheses. During refinement and implementation of the

ERPP, public accountability and program
4. Develop testable hypotheses for proposed effectiveness will be assured through continuing

ERPP actions. The hypotheses underlying thepublic involvement as well as environmental
ERPP will be tested through experimentsimpact analysis and documentation.
using the conceptual models and on-the-
ground research. The results from these TERMS USED IN TIlE ERPP
experiments will feed back into the adaptive
managementprocess and will support The following terms are used in the ERPP:    ’
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¯ ECOSYSTEM ELEMENT: An ecosystem armoring, mining and dredging in streams and
element is a basic component or function estuaries, excessive harvest of fish and
which, when combined with other ecosystem wildlife, introduced predator and competitor
elements, make up an ecosystem. An species, and invasive plants in aquatic and
ecosystem element can be categorized as a riparian zones. Some major stressors
process, habitat, species, species community affecting the ecosystem are permanent
or stressor, features on the landscape, such as large dams

and reservoirs that block transport of the
¯ ECOLOGICALPROCESS: Ecological processes natural supply of woody debris and sediment

act directly, indirectly, or in combination, to in rivers or alter unimpaired flows.
shape and form the ecosystem, These include ~                          ~
streamflow, watershed, stream channel, and̄ VISION: A vision is what the ERPP will
floodplain Watershed are accomplish with the stated objectives,processes. processes targets,
closely linked to streamflow and include fire and programmatic actions for an ecological
and erosion. Stream channel processes process, habitat, species or.species group,
include stream meander, gravel recruitment stressor, or geographical unit. The vision
and transport, water temperature, and statements included in the ERPP provide
hydraulic conditions. Floodplain processes technical    background to increase
include overbank, flooding and sediment understanding of the ecosystem and its
retention and deposition, elements. Two types of vision statements are

included in the ERPP: visions for ecosystem
¯ I-IABITATS: Habitats are areas that provide elements and visions for ecological zone. A

specific conditions necessary to support resource vision addresses an individual
plant, fish, and wildlife communities. Some. ecological processes, habitat, species or
important habitats include gravel bars and species group, or stressor, while an
riffles for salmon spawning beds, winter ecological zone vision addresses the
seasonal floodplains that support juvenile fish integration of ecological processes, habitats,
and waterbirds, and~ shallow near-shore species, and stressors within a clearly
aquatic habitat shaded, by overhanging tule delineated geographical area. Cumulatively,
marsh and riparian forest, the visions also provide detailed descriptions

of the ecosystem and its elements as they will
[] SPECIES AND SPECIES GROUPS: Certain look function after restoration isand

species or groups of species are given accomplished.
particular attention in the ERPP. This focus
is based on three criteria that might be met bȳ IMPLEMENTATION OBJECTIVE: An
a species: 1) it is threatened, endangered, or implementation objective is the most specific
a species of special concern (e.g., delta and detailed description of what the ERPP
smelt); 2) it is economically important, strives to maintain or achieve for an
supporting a sport or commercial fishery ecosystem element. Implementation
(e.g., striped bass); or 3) it is an important objectives are not intended to change over the
prey species (e.g.~ Pacific herring), life of the program. For example, the

implementation objective for tidal perennial
¯ STRESSORS: Stressors are                           natural         and aquatic habitat is to increase the area of

unnatural events or activities that adversely shallow-water and intertidal mudflat habitat
affect ecosystem processes, habitats, and to improveconditions that support increased
species. Environmental stressors include primary and secondary productivity; provide
water diversions, water contaminants, levee rearing and foraging habitat, and escapecover
confinement, stream ehannelization and bank
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for fish; and provide foraging and resting ~,,.~.
. habitat, and escape cover for water birds.

~ S p e e i e s

¯ TARGET: A target is a qualitative or
quantitative statement of an implementation
objective. Targets are something to strive for ¯
but may change over the life of the program H a b ira ts 1
with new information and progress, or may
vary according tothe configuration of storage
and conveyance in all alternatives. Targets I: e o I o g i e a I I
may include a range of values or a narrative P r o e e s s e s
description of the proposed future value of an ¯
ecosystem .element. Targets are tO be set
based upon realistic expectations, must be
balanced against other resource needs and
must be reasonable, affordable, cost effective,

Figure 2. Relationship of ecological, processes,and practicably achievable,
habitats, and species in the Ecosystem Restoration

The intent of the ERPP is to achieve Program Plan.
1

ecosystem health; targets are flexible tools to management. For example, the number of
guide the effort. The level of implementation diversions screened may be~ adjusted up or
for each target will be determined or adjusted down depending on the overall response of
through adaptive management. Targets are. fish populations to screening and other
categorized according to the three levels of restoration actions.
certainty described above: (1) targets that 1
have sufficient certainty of success to justify An example of a programmatic action is to
full implementation in accordance with develop a cooperative program to acquire and
program priorities and phasing; (2) targets restore 1,500 acres of shallow-water habitat in ¯
which will be implemented in stages with the the Suisun Bay and Marsh Ecological Zone.
appropriate monitoring and evaluation to
judge benefits and successes; and (3) targetsThe relationship of ecological processes, habitats,
for which additional research, demonstration and species is presented in Figure 2. 1
and evaluations are needed to determine
feasibility or ecosystem response. ORGANIZATION OF THE PLAN

An example of a target for tidal perennial The ERPP is comprised of three volumes:
aquatic habitat is to restore 1,500 acres of
shallow-water habitat in the Suisun Bay and̄ Volume I: Visions for Ecosystem Elements~ IMarsh Ecological Unit, and restore 1,000
acres of shallow-water habitat in the San¯ Volume II: Ecological Zone Visions,

1Pablo Bay Unit.

¯ Volume lll: Vision for Adaptive Manage-
¯ PROGRAMMATIC ACTION: A programmatic

ment
action represents a physical, operational, 1
legal, institutional change or alternativeVOLUME I: VISIONS FOR ECOSYSTEM ELEMENTS
means to achieve a target. The number ofpresents the visions for ecological processes and
actionsandtheirlevelof implementation functions, fish and wildlife habitats, species, and I:subject to adjustment by adaptive

~ CKffD
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stressors that impair the health of the processes,Each Ecological Zone (Zone) is further divided
habitats, and species. The visions presented ininto component Ecological Units (Unit). For
Volume I are the foundation of the ERPP andexample, the East San Joaquin Zone is divided
displays how the many ecosystem elements relateinto three Units: Stanislaus River, Tuolumne
to one another and establishes a basis for actionsRiver, and Merced River. The vision for each
which are presented in Volume II. ecological zone provides introductory

information, Zone and Unit descriptions which
VOLUME II: ECOLOGICAL ZONE VISIONS identify the status of ecological processes,
presents the visions for the 14 ecological zoneshabitats, and species; and describes how stressors
-and their respective units. Each affect those elements.ecological adversely ecosystem
individual ecological zone vision contains a brief
description of the ecological zone and units,Visions follow the introductory material for each
īmportant ecological functions associated with theZone which presents the relevant ecological
zone, important habitats, species which use theprocesses, habitats, species and stressors within
habitats, and stressors which impair thethe Zone and Unit. The visions are followed by
functioning or utilization of the processes andsections on how restoration efforts in the Zone
habitats. Volume II also contains implementationintegrate with other programs and how the Zone
objectives, targets, and programmatic actionsis linked to other Zones. The final section of each
which describe the ERPP approach to improvingvision provides implementation objectives,
the ecological health of the zone and itstargets, and programmatic restoration actions.
contribution to the health of the Delta. Rationale
are also contained in Volume II which clarify,
justify, or support the targets and programmatic
actions.

VOLUME m: VISION FOR ADAPTIVE
MANAGEMENT provides the ERPP approach to
adaptive management and contains the proposed
plans for indicators of ecological health, a
monitoring program to acquire and evaluate the
data needed regarding indicators, a program of
focused research to acquire additional data needed
to evaluate program alternatives and options, and
the approach to phasing the implementation of the
ERPP over time.

INTRODUCTION TO VOLUME II

Volume II, Ecological Zone Visions, integrates
the landscape ecological concepts for processes,
habitats, species, stressors presentedand in
Volume I: Visions for Ecosystem Elements.
Volume II presents this information in 14 visions
for the Ecological Zones which comprise the
ERPP Study Area (Table 1).

~ ~
Volume II: Ecosystem Restoration Program Plan
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Table 1. Ecological Zones and Ecological Units within the ERPP Study Area I

Ecological Zone Ecological Unit

North Delta East DeltaSacramento=San Joaquin Delta
South Delta Central and West Delta

Suisun Marsh/North San Francisco Suisun Bay and Marsh Napa River
Sonoma Creek Petaluma RiverBay                              San Pablo Bay

Keswick to Red Bluff Red Bluffto Chico Landing
Sacramento River Chico Landing to Colusa Colusa to Verona

Verona to Sacramento

Clear Creek Cow CreekNorth Sacramento Valley Bear Creek Battle Creek

Cottonwood Creek Upper Cottonwood Creek Lower Cottonwood Creek

Stony Creek Elder CreekColusa Basin Thomes Creek Colusa Basin

Paynes Creek Antelope Creek
Mill Creek Deer CreekButte Basin Big Chico Creek Butte Creek
Butte Sink

Feather River Yuba River
Feather River/Sutter Basin Bear River Honcut Creek

Sutter Bypass

American River Basin American Basin Lower American River

Cache Creek Putah CreekYolo Basin Solano Willow Slough

Cosumnes River               Mokelumne RiverEastside Delta Tributaries Calaveras River

Vemalis to Merced Merced to Mendota PoolSan Joaquin River Mendota Pool to Gravelly Ford Gravelly Ford to Friant

Stanislaus River Tuolumne RiverEast San Joaquin Merced River

West San Joaquin

I
Volume II: Ecosystem Restoration Program Plan 1
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SACRAMENTO-SAN JOAQUIN DELTA ECOLOGICAL ZONE

nursery grounds and migratory route for many
species. Four races of chinook salmon, steelhead,
green and white sturgeon, striped bass, and
American shad migrate through the Delta on their
journey .between the Pacific Ocean and Central
Valleyspawning rivers. Native resident fish
including delta smelt and splittail spend most of
their lives within the Delta. Considerable areas of
waterfowl and.wildlife habitat occur along the
channels and sloughs and within the leveed
agricultural lands.

Ecological factors having the greatest influence
on Delta fish and wildlife include freshwater

INTRODUCTION from rivers, water quality, waterinflow
temperature, channel configuration and

The Sacramento-San Joaquin River Delta (Delta)hydraulics, wetlands, riparian vegetation, and

is the tidal confluence of the Sacramento and Sandiversity of aquatic habitat. Stressors include

Joaquin Rivers. Between the upper extent .ofwater diversiors, ehannelization, levee

tidewater (i.e., near the city of Sacramento on themaintenance, flood protection, placement of rock

Sacramento River and Mossdale on the Sanfor shorelineprotection,poor waterquality,legal

Joaquin River) and the confluence of the twoand illegal harvest, wave and wake erosion,

rivers near Collinsville is a maze of tidal channelsagricultural practices, conversions of agricultural

and known the Delta. Once land to viney~ds, urban development and habitatsloughs a vastmaze
of interconnected wetlands, ponds, sloughs,loss, pollution, and introductions of non-native

channels, marshes, and extensive riparian strips itplant and animal species.

is now islands of reclaimed farmland protected
from flooding by hundreds of miles of levees. DESCRIPTION OF TIlE ZONE
Remnants of the tule marshes are found on small
"channel" islands or shorelines of remainingThe Sacramento-San Joaquin Delta Ecological
sloughs and channels. Zone is defined, by the legal boundary of the

Sacramento-San Joaquin River Delta (Figure 2).
The Delta is home to many species of native andIt is divided into four regional ecological units:
non-native fish, waterfowl, shorebirds, andNorth Delta Ecological Unit, East Delta
wildlife. All anadromous fish of the CentralEcological Unit, South Delta Ecological Unit, and
Valley either migrate through the Delta or spawnCentral and West Delta Ecological Unit.
in, rear in, or are dependent on the Delta for some
critical part of their life cycle. Many of the Pacific The Sacramento-San Joaquin Del~ Ecological
Flyway’s waterfowl and shorebirds pass throughZone is characterized by a mosaic of habitats that
or winter in the Delta. Many migratory song birdssupport the system’s fish and wildlife resources.
and raptors m.igrate through the Delta or dependInstream and surrounding topographic features
on it for nesting or wintering habitat. Despiteinfluence ecological processes and .functions and
many changes, the Delta remains a productiveare major determinants of aquatic community

I Volume 11: Ecosystem Restoration Program Plan
-.~ ~h’.l~rtTA Sacramento-San Joaquin Delta Ecological Zone Vision

Draft: March 1998
9

C--006631
(3-006631



potential. Both the quality and quantity ofGeographic Information System (GIS)program
available habitat affect the structure and: analysis of 1906 U.S. Geological Survey maps by
composition of the Delta’s biologicalthe Department of Fish and Game (Bay-Delta and 1
communities. Currently, much of the remainingSpecial Water Projects Division) provided
natural habitats consist of small, scattered, andestimates of the historical wetted perimeter in
degraded parcels. Other, more common wildlifeDelta sloughs and channels and tidal wetlands. ¯
habitats on agricultural lands are at risk of loss[-Note: Wetted perimeter is the linear
because of levee failures. Important aquaticmeasurement of shoreline. Total wettedperimeter
habitats are severely limited by levees and floodis compared to the total acreages of related dry
control systems, land within a defined area to calculate a ratio of

wetted perimeter to land acreage. Higher ratios of
Important aquatic habitats in the Delta includewetted perimeter indicate a more extensive l
shaded riverine aquatic (SRA) habitat; vegetatedmosaic of habitats (e.g., backwaters, sloughs,
and nonvegetated shallow shoal areas; open-endedfloo@lains, marshes, and islands).J The 1906
sloughs, both large and small; and small dead-endmaps were the earliest available, and even then
sloughs. The large, open river channels Of the many Delta levees had already been constructed. 1
Sacramento and San Joaquin Rivers in the centralThese perimeter calculations were compared to
and western Delta are more like the tidalsimilar data from GIS mapping by Pacific
embayments of Suisun Bay to the west of theMeridian for the California Department of Fish
Delta. Areas with SRA habitat are fragmented andand Game (DFG) ¯using 1993 satellite imagery.
subject to excessive erosion from wind- andThat comparison indicated that there have been
boat-generated waves. Shallow shoal .areas arewetted perimeter reductions in three of the four 1
small and fragmented and are subject to excessiveDelta ecological units since 1906. Wetted
water velocities and periodic dredging thatperimeter ~eductions ranged from 25.2% to

¯ degrade or scour them. 44.7%.
1

In many areas, agricultural lands have become
surrogate habitat for wildlife, partiallyreplacing Change in Ratio of Wetted Perimeter ¯
native habitats. For example, natural wetlands 1906 to 1993
have been replaced by rice fields as habitat for (Ratio of water to land acreage)
waterfowl and natural grasses have been replaced Ecological Percentage ¯
by agricultural grains, corn, and alfalfa which Unit 1906 1993 of chang©
provide food for geese and cranes. Agricultural North Delta 3.4 4.5 +32.3"/o
lands have important benefits for wildlife in the
Delta,but are not a substitute for natural habitat. East Delta 10.5 7.1 -32.4%

South Delta I 1.9 8.9 -25.2%
P, emaining channels and sloughs have been
modified to become water conveyance "facilities" Central and 3.8 2.1 --44.7%

Iand flood control features. These modifications
west Delta

resulted in elevated water velocities and loss of
structural diversity. The few remaining small
dead-end sloughs have lost their SRA habitat, areCentral Valley water supply and hydroelectric
choked with water hyacinth, and have poor waterprojects have had a large effect on the freshwater
quality from agricultural and dairy runoff,flow through the Delta. Spring flows that, before 1
Reclamation of Delta islands has cut offmiles ofwater projects, averaged 20,000 to 40,000 cubic
dead-end sloughs that once drained extensive tidalfeet per second (efs) in dry years and 40,000 to
wetlands andhassignificantlyredueedtheamount60,000 cfs in normal years have, in recent
of land-water interface, decades, averaged only 6,000 to 10,000 cfs in dry

Volume 11: Ecosystem Restoration Program Plan 1
i~t.l~l~rA Sacramento-San .1oaquin Delta Ecological Zone Vision

~ ntoc,~t                                                                                        Draft: March 1998
10

G--006632
C-006632



I years and 15,000 to 30,000 efs in normal ye.ars. Inkeep salt-water from entering the Delta. Summer
the driest years, spring flows were once 8,000 to, inflows that were only 4,000 to 8,000 cfs in dry

I 14,000 cfs, while under present conditions theyand normal years now exceed 10,000 cfs as water
average only 2,500 to 3,000 cfs. is released from reservoirs to satisfy demands for

water diversions.

I Historical Monthly Average Flow Winter flows have fallen from the 15,000- to
60,000-cfs range to the 7,000- to 35,000-cfs range

I because much runoff from winter rains is now
3.~000 stored in foothill reservoirs. Flows in years with
30000 the highest rainfall are relatively unchanged,

i as0o0 although short-term peaks are attenuated by flood
~oooo control storage in the larger foothill reservoirs.

~ ~ooo
Much of the Delta outflow is made up of

.~ Sacramento River flow entering the Delta nearI ~oooo
Sacramento. inflows theAlthough throughsooo Sacramento River channel reach 60,000 to

o 80,000 cfs in winter and spring of wet years,

I J ~ u A u a .~ A s o N 0 inflows are generally less than 30,000 cfs. In the
[] Normal Year [] DW Year driest years, inflows range from 5,000 to 9,000 cfs

Historical Delta Inflow from Sacramento River measured at through the entire year, while in dry years they

I Freeport, 1-972-1992 (Dry year is the 20th percentile year; normal range from 8,000 to 15,000 cfs. In wet years,
year is the 50th percentile or median year.) floodflows that average up to 130,000 cfs per

month enter the Delta from the Yolo Bypass

I Historical Monthly Average Flow
through Cache Slough.

Most of the remaining inflow to the Delta comes

I from the Mokelumne River and the San Joaquin3~ooo
River. The Mokelumne River contributes only30000                                        100 to 300 cfs in dry and normal years. The San

I
~2s000 Joaquin River flows make up most of the
~2oooo remainder with average monthly flows of 500 to
~.~ooo 1~500 cfs in dry years, 1,500 to 3,500 cfs in
"10000 normal years, and up to 20,000 to 40,000 cfs inI ~ooo wet years.

o
J F M A M J J A $ O N D Water diversions .from the Delta may reduce

I outflows by as much as 14,000 cfs. Of that total,
[] Normal Year [] D~ Year. small Delta agriculture diversions combine to

Historical Delta Inflow from San Joaquin River Flow measured at divert up to approximately 3,000 cfs during peak

I Vemalis, 1972-1992 O)ry year is the 20th percentile year; normal
year is the 50th percentile or median year.) irrigation seasons. State Water Project (SWP) and

Central Valley Project (CVP) pumping plants in
the southern Delta can divert up to 11,000 cfs.

In dry and normal years, summer outflow from
the Delta has remained in the 4,000 to 8,000 cfsNatural floodplains and flood processes are the
range because water is released from reservoirs toperiodic flooding of the floodplain during peak

I flow events that would typically occur in late
winter and spring of all but the driest years. Land
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conduits for carrying water to water-export
Historical Monthly Average Outflow facilities inthe central and south Delta. In 1951,

the CVP began to transport water from the south
Delta at Tracy to the Delta-Mendota Canal. That
same year, operation of the Delta Cross Channel
(DCC) began to allow Sacramento River water to

= flow through interior Delta channels to the south
~ Delta export facilities at Tracy. South Delta
~ export facilities were increased with the addition
" ~oooo - of the SWP pumping plant at Byron in the late

1960s. In 1968, the SWP began to transport Delta
water through the Califomia Aqueduct to southern

J F M A M J J A S O N D California.
I

[] Normal Year [] Dry Year Existing hydraulic conditions inhibit the function
Historical Delta Outflow for 1972-1992 (Dry year is the 20th of .Delta channels as migration corridors and ¯
percentile year; normal year is the 50th percentile or median rearing habitat for salmon and other anadromousyear.)

fish, including steelhead, striped bass, American
shad, and white and green sturgeon. Native I

reclamation and levee construction haveresident fish such as delta smelt and splittail also
eliminated much~fthenatural Delta floodplain,depend on natural hydraulic processes, as
forcing waters to rapidly exit the Delta throughhydraulic conditions determine physical habitat ¯
confined channels. Only the Yol0 Bypass andcharacteristics and foodweb (all of the food
adjoining leveed islands are periodically floodedchains) production (i.e., by controlling the
to help carry large flows coming down theresidence time of water in Delta channels). I
Sacramento River. Natural hydraulic conditions benefit other resident

freshwater and estuarine (river mouth) fish,
Reductions in spring freshwater flow into theincluding longfin smelt, tule perch, threadfin
Delta and the loss of riparian vegetative covershad, white catfish, largemouth bass, and starry
have led to slightly increased water temperaturesflounder. Low residence time in Delta channels
in the Delta. Agricultural and other dischargesand sloughs decreases biological productivity and
into the Delta including power plant cooling waterhabitat value. |have also increased Delta water temperatures.
Maintaining water temperatures in the DeltaChannel hydraulics once were relatively unaltered
duringthe transitions in spring and fall isin the Delta. In November through March, an 1
necessary to meet the needs of migrating salmonimportant period for aquatic species, hydraulic
and steelhead passing through the Delta. Reducedchanges were insignificant in the 1950s and
March to May inflows and loss of riparian1960s, as measured using an indicator of 1
(waterside) and SRA habitat in the Delta havehydraulic conditions provided by output from a
also contributed to higher water temperatures inparticle transport model (DeltaMOVE). However,
the Delta. by the 1980s, there had been a dramatic increase

in unhealthy channel hydraulic conditions in
Changes in Delta channel hydraulics (waterlocations such as the Central and West Delta.
flows) began in the mid-19th century with land 1
reclamation that. restricted flows to narrowAquatic foodweb productivity in the Delta has
channels of levees. Floodflows that once spilleddeclined over the past several decades and is the
into a vast floodplain are now confined to narrowsubject of ongoing focused research activities. ¯
channels. These same channels later becameThe decline was catised by changes in freshwater
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inflow, Delta channel hydraulics (i.e., waterperennial aquatic habitat benefits native
residence time), water diversions, water quality,waterfowl, wading and shorebirds, and wildlife, as
and the species composition of aquatic organismwell as native plants that depend on such habitat.
communities. Foodwe6 productivity, beginning at
the primary production (i,e., plant cell production)Lakes and ~ ponds support simple invertebrate
level, is essential to provide enough food tocommunities, riparian habitat, and wintering
maintain populations of important fish. Primarywaterfowl. Examples ofnontidal perennial aquatic
productivity in the Delta depends on spring flowhabitats include the Stone Lakes in the North
events in dry and normal years. Spring flowsDelta Ecological Unit near Sacramento and the
deliver essential nutrients, increase residence time"blow out ponds", or ponds remaining after levee
in channels and sloughs, and increase shallowbreaks on islands such as Venice Island and Webb
water and wetland habitat. Tract. Most ponds also support introduced species

such the and largemouth bass, whichas bullfrog
reduce the value of these ponds to special-status
species such as the red-legged frog. Introduced
species also reduce the habitat’s value as brood.

~ 100 water for nesting waterfowl. Such habitat within
, ~ the Delta also benefits waterfowl, as well as many

-~ 80 plant and wildlife species, including many rare or

~ 60 declining special status species.

Unimpaired Monthly Average Outflow
0 Feb

1950s
Dec

Month
Historic Calculated Entrainment Indices of the Central and West

Delta Ecological Unit.

The loss of tidal marshes (historic rule marshes) to
agricultural conversion probably constituted on of
the greatest causes of.loss of productivity and a

J F M A M J J A S O N Dchange natureof theaquaticfoodweb(i.e.,
a change from a detritus-based food web
characteristic of marshes to a more [] Normal Year [] Or~ Year

Unimpaired Delta Outflow Estimated for Period (Dryphytoplankton-basedfoodweb). Alongwith the 1972=1992
loss of tidal marshes in the Delta to landyear is the 20th percentile; normal year is the 50th percentile or

reclamation came the loss of shallow-water median year.)

aquatic habitats (e.g., small sloughs, ponds).
Many native resident and anadromous fish andAfter more than 100 years of land reclamation
estuarine invertebrates depend on these habitats,activities in the Delta, many linear miles of
Shallow-water habitats around the Delta providenatural sloughs have been lost. Sloughs are
spawning and rearing habitat for many nativeimportant spawning and rearing areas for many
resident Delta fishes. They also provide importantnative Delta fish species, as well as waterfowl and
rearing and migratory habitat for many Centralwildlife. Of those natural sloughs that remain,
Va!ley chinook salmon and steelhead. Tidalmost have been severely degraded by dredging,
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levee confinement, loss of riparian vegetation,water and SRA habitats, as well as tidal marsh
high water flow, infestation of water hyacinth, andand riparian habitats. The number and acreage of
poor water quality (i.e., many have agriculturalchannel islands has declined over the past several
drains), decades from dredging, wave and wake erosion,

and levee maintenance.
Shoals are simple underwater islands or shallows
in otherwise deeper channels of the Delta.Tidal marshes, once the most widespread habitat
Channel islands and shoals provide valuable fishin the Delta, are now restricted to remnant
and wildlife habitat within the confined reaches ofpatches. A GIS analysis of 1906 U.S. Geological
Delta channels. Only "tule islands" or "bermSurvey maps determined the extent of change in
islands" contain some original native Deltatidal wetlands¯nee 1906. Extensive losses of tidal
habitats. These islands are found in Deltawetland habitat in three of the .four Delta
channels where the distance between levees isecological units have exceeded 87,000 acres from
wide enough that past dredging activities left a1906 to 1993. These losses represent only a
remnant strip where soils were deposited at anportion of the changes that have taken place since
elevation high enough to support tules andreclamation began in the mid-nineteenth century.
cattails. Such islands generally have shallowIt has been estimated that circa 1850, about

310,000 acres of the Delta were comprised of
tidal wetlands in a mosaic dominated by emergent
vegetation, and included smaller tidal marsh

Species-Habitat Associations drainage channels and open-water lakes and ponds
Species Habitats (Atwater and Belknap 1980).

Swainson’s hawk Riparian/Agricultural Nearly two-thirds of reclamation of the
Clapper rail Tidalemergent wetland Sacramento-San Joaquin Delta Ecological Zone

Black rail TidalEmergent wetland for farmland occurred before 1906. Thirty percent
of the lands reclaimed before 1900 were in the

Sandhill crane Seasonal aquatic and North Delta and East Delta Ecological Units, 38%
wetland, agricultural, and

grassland in the South Delta Ecological Unit, and only 2%
in the Central and West Delta Ecological Unit.

Riparian brush rabbit Contiguous riparian
woodland Most of the remaining tidal wetlands lack

adjacent upland transition habitat and other
Shore and wading birds Aquatic and wetland, attributes of fully functioning tidal wetlands. This

seasonal aqu~ttic, and
agricultural was caused by upstream water development, in-

Delta export facilities, adjacent levee maintenance
Upland game birds    Agricultural, riparian, and

upland practices, agricultural practices, and urban and
industrial development.

Waterfowl Tidal perennial aquatic,
seasonal aquatic, riparian,
agricultural, and wetland Tidal wetlands provide important habitat for many

species of plants, waterfowl, and wildlife. In
Neolropical migratory birds Riparian, grassland,agricultural land addition, wetlands provide an important

contribution of plant (dead material) and nutrient
Delta smelt Shallow water, sloughs, recycling to the aquatic foodweb of the Bay-Deltabays

estuary, as well as important habitat to some
Splittail Marsh, floodplain, sloughs species of fish and aquatic invertebrates.

Striped b~s Shallow water, sloughs
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Seasonal wetlands include vernal pools, wet
meadows or pastures, and other seasonally wettedI

Acres of Tidal Fresh
habitats such as managed duck clubs in the Delta Emergent Wetland (Marsh)

floodplain. Most of this habitat is located on Ecological Percentage
leveed lands or in floodplain bypasses such as the unit 1906 1993 of change

Yolo Bypass. Such habitats were once very North Delta 53,660 4,640 -91.3
abundant during the winter rainy season or after

East Delta 7,600 1,270 -83.3
seasonal flooding of the Delta. With reclamation,
flooding occurs primarily from accumulation of South Delta 470 650 +38.3

levees, Central and 37,170 5,040 -86.4rainwaterbehind fromdirectedoverflow

of flood waters to bypasses, or from flooding West Delta
leveed lands (e.g., managed wetlands). Seasonal
wetlands are important habitat to many species of

Total 98,900 11,600 -88.6

fish, waterfowl, shorebirds, and wildlife.

Upland habitats are found mainly on the outerof the riparian forests in the Delta were decimated
edges of the Delta and consist primarily offor fuelwood as a result of the gold rush, river
grasslands and remnant oak woodland and oaknavigation, and agricultural clearing. Remnant
savanna. Of these, perennial grasslands are anpatches are found on levees, channel islands, and
important transition habitat for many Deltaalong the margins of the Delta. Riparian habitats
wildlife species. They are also buffers to protectand their adjacent shaded riverine aquatic habitat
wetland and riparian habitats. Much of thebenefit many species of fish and wildlife.
grassland habitat adjacent to the Delta has been
lost to agriculture (e.g., grain, vineyards, andInland dune scrub habitat is found in the south and
orchards) and development (e.g., homewest portions of the Delta in areas where wind-
construction, golf courses). Grasslands provideblown sand is deposited along margins of the
habitat for many Delta plant and animal species.Delta. Inland dune habitat has unique native plant

communities including two special-status species.
Riparian habitat, both forest and shrub, is foundMuch of the dune habitat has been lost to
on the water and land side of levees, berms, bermindustrial and urban development.
islands, and in the interior of some Delta islands.
This habitat in value from disturbed habitats ofranges (i.e., Agricultural alsosupportpopulations
sparse, low value) to relatively undisturbed (i.e.,small animals, such as rodents, reptiles, and
dense, diverse, high value). The highest valueamphibians, and provide opportunities for
riparian habitat has a dense and diverse canopyforaging raptors. Nonflooded fields and pastures
structure with abundant leaf and invertebrateare also habitat for pheasant, quail, and dove. The
biomass. The canopy and large woody debris inDelta supports a variety of wintering and breeding
adjacent aquatic habitat provide shaded riverineraptors. Preferred habitat consists of tall trees for
aquatic habitat on which many important fish andnesting and perching near open agricultural fields
wildlife depend during some portion of the lifethat support small rodents and insects for prey.
cycles. The lower value riparian habitat isBoth pasture land and alfalfa fields support
frequently mowed, disced, or sprayed with abundant rodentpopulations.
herbicides, .resulting in a sparse, habitat structure
with low diversity. The Swainson’s hawk, a raptor species listed by

the State as threatened, breeds and occasionally
Riparian habitat is used bY more terrestrialwinters in the Delta. One of the highest breeding
wildlife species than any other Delta habitat type.densities of Swainson’s hawks in the Central
From about 1850 to the turn of the century mostValley is found on the eastern edges of the Delta,

I Volume 11: Ecosystem Restoration Program Plan
~1~ cak~ Sacramento-San doaquin Delta Ecological Zone Vision

-~ aff4~,T^                                                                                             Draft: March 1998

c=o 7
C-006637



primarily along the upland margins in areasvariety ofspeciesandecologiealfunctionsneeded
adjacent with pastures, alfalfa croplands, andfor aquatic and wildlife resources of the Delta.
grasslands. The present-day Delta is mostly
farmland, occupying over 86% of the dry-land Dredging and disposal of dredge materials have
area. The wildlife habitat value of these landscontributed to the loss and degradation of
depends on crop types and agricultural practicesimportant aquatic habitat and vegetated berm
employed, including flooding and tillage regimes,islands in the Delta.
The farmed "wetlands" of the Delta are important
for wintering water birds, including shorebirds,Over the past several decades, the accidental
geese, swans, ducks, and sandhill cranes, introduction of many marine and estuarine
supporting 10% of all waterfowl wintering.in theorganisms from the ballast waters of ships from
State. The value of agricultural lands to otherthe Far East has greatly changed the plankton and
migratory birds is much greater. For example, thebenthic (bottom and shore dwelling) invertebrates
Delta is extremely important for tundra swans andof the Delta with further effects up the foodweb.
greater sandhill cranes. In average years, 70% toFurther changes can beexpected if restrictions are
85% of the tundra swans in the Pacific Flywaynot made on ballast water releases into the San
winter in the Central Valley; 90% of this useFrancisco Bay and Delta. Other important routes
occurs in just 8 counties with the Delta being afor the introduction of invasive species include
major usearea, overland at border crossings, aquaculture

operations, and commercial bait dealers.
Water diversions in the Delta divert up to 14,000
cfs of the freshwater inflow to the Delta. ThoughThe numbers of predatory fish have increased at
diversions vary seasonally, relatively high ratescertain locations in the Delta (e.g., Clifton Court
can occur in any month. Water diverted from theForebay, docks, piers, etc.)and losses of some
Delta is used throughout much of the centra! andresident and anadromous fish to predation may
southern portion of the State. limit their recovery. Predators may reduce

populations of important fish, including chinook
With many diversions unscreened or poorlysalmon, steelhead, and delta smelt.
screenec[great numbers of fish and aquatic
invertebrates are entrained with the water. InLarge amounts of toxins continue to enter the
addition to organisms, diversions export aDelta frommunicipal, industrial, and agricultural
disproportionately large portion of the nutrientsdischarges. The toxins have demonstrated in
and detrital load that drive the Delta foodweb,bioassay l~otential adverse effect on the health,
Losses offish and invertebrates, and nutrients andsurvival, and reproduction of many important
organic ~ debris limit the recovery potential ofDelta fish and their foodweb organisms. Toxins in
many species of fish. These losses indirectlythe tissues of the fish are also a human health risk
reduce the potential for improving theto people who eat Delta fish. Continued
productivity of the Bay-Delta aquatic foodweb, reductions of toxins from discharges and from
Lack of adequate screening and location of waterreleases of toxins from the sediment (e.g., those
diversions in sensitive areas of the Deltadisturbed by natural forces and dredging) are
contribute to the loss of important fish and aquaticessential to the restoration program.
foodweb organisms.

The legal and illegal harvest of fish may limit
Levee construction and bank protection have ledrecovery of some populations in the Delta and its
to the loss of riparian, wetland, and shallow-waterwatersheds. Harvest of chinook salmon, steelhead,
habitat throughout the Delta. Habitat on leveesand sturgeon in the Delta may affect recovery of
and shorelines needs improvement to restore thethese populations. Harvest enforcement and
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I
management help sustain important fishimproved estuarine hydraulics, and higher late-

I
populatioias from overharvest. ,winter and spring freshwater flows during dry

years.
Boat traffic in the Delta contributes to the erosion
of remaining shallow water, riparian, and wetlandWhite sturgeon and green sturgeon populations in

I habitat along Delta channels and degrades waterthe Central .Valley use the Delta for migrating,
quality from fuel and oil spills. High boat speedsfeeding, and as a nursery area. Populations appear
and traffic endanger remnant habitat and limit theto be stable. Do to lack of specific data for green

I success of habitat restoration, sturgeon, however, the implication that this
species is Stable may be inaccurate. Sturgeon

The delta smelt population of the Bay-Deltabenefit from high late-winter and spring

i estuary is a federally listed threatened species. Itfreshwater inflow, a productive aquatic foodweb,
depends on the Delta for spawning and rearingand slough habitat in the Delta. Legal and illegal
habitat. It lives in fresh and brackish bays andharvest and losses to water diversions may be

i sloughs of the Delta. Delta smelt decline is relatedlimiting their abundance.
to poor habitat conditions during periods of
drought, but are also adversely affected by waterFour runs of chinook salmon use Central Valley
diversions throughout the Delta. Delta smeltwaterways. All four runs depend on the DeltaI benefit from high freshwater inflow, particularlyduring at least of their life Thea portion cycle.
during the late winter and spring of dry years.Delta provides migratory and rearing habitat for
Their recovery depends on adequate slough andsalmon in all but the warmest summer months.

! shallow water habitat, reduced effects of waterTidal perennial marsh habitat and adjoining
diversions, and increased productivity of thesloughs and aquatic habitats in the Delta are
aquatic foodweb, important fry rearing habitat.

I The longfln smelt populations of the Bay-DeltaMany populations of chinook salmon have
live within the brackish water and saltwater ofdeclined in recent decades. The decline was

I northern San Francisco Bay and migratescaused by a combination of ocean, river, and
upstream into the Delta to spawn. The decline in~ Delta factors. Reductions in freshwater flow
the longfin smelt population has coincided with athrough the Delta and increases in water

I number of changes in theestuaryincluding: lowdiversions have led to declines in salmon
flows in late winter and spring, reducedpopulations. Improving late-winter and spring
freshwater flows through the Delta and intofreshwater flows through the Delta and reducing

i Suisun Bay, water diversion (particularly in drierlosses to diversions are essential to the recovery
years), and contaminants~ of salmon. Chinook salmon also benefit from

lower water temperatures in spring and fall,
Like delta Smelt, splittail are a native residentadequate aquatic habitats, and high foodweb

I species of the Delta and Bay that depend on theproductivity. Many juvenile chinook salmon are
Delta for spawning, rearing, and feeding. Thelost to water diversions and predators.
Delta splittail population has declined, especiallyI recent Splittail primarily The striped bass population of San Franciscoduring droughts. depend Bay
on shallow waterhabitats for spawning includingand the Sacramento and San Joaquin Rivers
shorelines, sloughs, and aquatic habitatsdepends on the Delta for much of its life cycle.
associated with wetlands and seasonal floodplainsThe Delta provides important spawning and
(e.g., the Yolo Bypass in the north Delta). Therearing habitat for striped bass. Reductions in
split’tail population will benefit from improvedfreshwater flow and increases water diversions

!~ wetland and slough habitat, a more productivehave resulted in striped bass population declines
¯ aquatic foodweb, reduced loss to predation, over the past several decades. Poor water quality
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I
in the Delta may also be limiting the survival ofcladocerans), epibenthic invertebrates (e.g., II
young and adults. Striped bass also benefit fromcrayfish, Neomysis and Crangon shrimp), and
high aquatic foodweb productivity. Loss of tidalbenthic invertebrates (e.g., clams). Foodweb
perennial aquatic, wetland, and slough habitatsorganisms are essential for the survival and ¯
may also limit production of striped bass. Manyproductivity of fish, shorebird and other higher
striped bass young are lost in water exportedorder animal populations in the Bay-Delta estuary. []
through water diversions. Artificially rearingSome organisms are non-native species (e.g., 1
young striped bass salvaged at the south Deltacertain zooplankton and Asian clams) that may be
pumping plant fish facilities or supplementingdetrimental to native species and the foodweb in ¯
production with hatchery-reared fish may begeneral. Recent declines in aquatic foodweb |
necessary to sustain the population under presentorganisms of the Bay-Delta, particularly in drier
limiting factors, years, has caused a reduction in overall BayTDelta

productivity.    Important aquatic foodweb |American shad is an anadromous fish that spawnsorganisms include algae, bacteria, rotifers,
in the Sacramento River and its major tributaries,copepods, cladocera, and mysid shrimp.
They pass through the Delta on their upstream 1
spawning migration in spring. In the fall, youngThe western spadefoot and California tiger 1

mitigate through the Delta on their way to thesalamander occur throughout much of the Central
ocean. A portion of the population spawns andValley, ~San Francisco Bay, and coast ranges and 1
rears in the Delta. Low productivity in periods of foothills below 3,000 feet, as well as along the
drought is a concern. American shad productioncoast in the southern portion of the State.
with higher late-winter and spring freshwater flowDeclining populations have warranted, their
through the Delta in dry and normal rainfall years,designation as species of special concern and
Improved aquatic foodweb production and lower species of concern by the California Department
relative export rates at water diversions willof Fish and Game (DFG) and U.S. Fish and ¯
benefit American Shad. Wildlife Service, respectively. Major factors that

limit these resources’ contribution to the health of
Many native and non-native fish species arethe Delta. are related to adverse effects of ¯
residents of the Delta. Resident fish populations,conversion of seasonal wetlands and adjacent |
like delta smelt and splittail, will benefit fromuplands to other land uses and excessive mortality
improved aquatic habitats and foodwebresulting from introduction of non-native ¯
production. Many native fish species havepredators andsome land usepraetices: 1
declined gradually over the past century from loss
of habitat and introductions of non-native fishes.The California red-legged frog is California’s
More recently, native resident species havelargest native frog. Its habitat is characterized by ¯
further declined from changes in freshwater flow,dense, shrubby riparian vegetation associated with
water diversions, poor water quality, and furtherdeep, still, or slow-moving water that supports- !non-native species introductions and habitatemergent vegetation. The distribution and
degradation. For many of these species,population of this species has declined
improvements in their native habitats such assubstantially, primarily as a result of habitat loss
sloughs and tidal marshes, is essential to theiror degradation and excessive predation. The loss 1
restoration. Native residents will also benefit fromof habitat and declining condition of the species’
more natural freshwater flow patterns, improvedpopulation have warranted its listing as threatened
water quality, and reduced losses to waterunder the federal Endangered Species Act and a
diversions. Species of Special Concern by DFG. Major

factors that limit this resource’s contribution to
Bay-Delta aquatic foodweb organisms includethe health of the Delta are related to adverse
bacteria, algae, zooplankton (e.g., eopepods andeffects of the loss or degradation of critical

I
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wetland and riparian habitats and the introductionThe major factor that. limits this resource’s
of non-native predators, contribution to the health of the Delta is related to

adverse effects .of the historical loss and
Once possibly abundant in the Delta, the giantdegradation of the mature riparian forests, on
garter snake and western pond turtle are now rarewhich the riparian brush rabbit depends, in the
there. Improvements in wetland, riparian, andDelta and San Joaquin River floodplain.
grassland habitats around the margins of the Delta
could greatly benefit these species. Many species of waterfowl overwinter in the

Delta and depend on high-quality foraging habitat
Once abundant in the Delta, Swainson’s hawk isto replenish their energy reserves. They depend on
now rare. Improvements in agricultural andwetland, riparian, aquatic, and agricultural
riparian habitat will aid in the recovery of thehabitats. Many species of resident and migratory
Swainson’s hawk. waterfowl will benefit fromimprovedaquatic,

wetland, riparian, and agricultural habitats.
A long-term declin~ in emergent wetlands has
reduced the population of California black rail inUpland game species are of high interest to
the Delta. Restoring emergent wetlands in therecreational hunters in the Bay-Delta and
Delta should aid in the recovery of the Californiacontribute to California’s economy through the
black rail. sale of hunting-related equipment and hunting-

related expenditures. Major factors that limit this
The population of greater sandhill crane in theresource’s contribution to the health of the Delta
Central Valley has declined over the past centuryare related to adverse effects of conversion of
with the loss of permanent and seasonally floodednative upland habitats for agricultural, industrial,
wetlands. Improvements in seasonally floodedand urban uses, and land use practices that
wetla.nds and agricultural habitats should helpdegrade habitats used by these species.
toward recovery of the greater sandhill crane
population. Neotropical bird species breed in North ~America

and winter in Central and South America. Many
Herons, egrets, and other shorebirds and wadingspecies of neotropical migratory birds migrate
birds breed and winter throughout the Centralthrough or breed in the Bay-Delta. These species
Valley and the Delta. Their populations depend onare a significant component of the ecosystem.
aquatic and wetland habitats. Shorebirds andThese species are of high interest to recreational
wading birds will benefit from restoration ofbird watchers, and contribute to California’s
wetland, riparian, aquatic, and agriculturaleconomy through sales of equipment and other
habitats, bird-watching-related expenditures. There have

been substantial losses of historic habitat used by
The riparian brush rabbit is associated withthese species and available information suggests
riparian habitats of the Central Valley floodplain,that population levels for many of these species is
It has been eliminated from the Delta from loss ofdeclining.
riparian habitat." Elsewhere, the population and
distribution of this species have declinedMajor factors that limit this resource’s
substantially, primarily as a result of the loss orcontribution to the health of the Delta are related
degradation of its habitat. The loss of habitat andto adverse effects of conversion of native habitats
declining populations have warranted its listing asfor agricultural, industrial, and urban uses, and
endangered under the California Endangeredland use practices that degrade habitats used by
Species Aetl these species.
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!
The Lange’s metalmark and the delta greenThe size of the unit is approximately 235,000 ¯
ground beetle, both federally listed endangeredacres. As with the Delta’s other units, the primary
species, and the valley elderberry longhorn beetleland use is ag.riculture with over 60% or 141,000 1
(VELB), a federally listed threatened specles, areacres in field crops, orchards, and vineyards.
respectively associated with inland dune, vernalApproximately 5% of the unit consists of riparian,
pool, and riparian habitats. The distribution andoak woodland, freshwater marsh, and seasonal. ¯
populations of these species have declinedwetland. (See tables in this section.) Much of the ’|
substantially, primarily as a result of the loss orpermanent and seasonal wetland habitat is found
degradation of these habitats within their range,in the Yolo Bypass, Cosumnes River Preserve, ¯
The loss of habitat and declining condition ofand Stone Lakes area. 1
these species populations have warranted their
listing as threatened or endangered under the
federal Endangered Species Act. North Delta Ecological Unit l

Habitat Acreage

Major factors that limit this resource’s Habitat Acres Ill
contribution to the health of the Delta are related            Riparian scrub               l

1,350
to adverse effects of conversion of native habitats []
for agricultural, industrial, and urban uses, and Riparian woodland 1.602
land and water management practices that degrade Fresh emergent wetland 4.640 1
habitats used by these species. (marsh)

Once abundant in riparian woodlands of the Delta,            Seasonal wetland                  4,640                ¯
yellow-billed cuckoo have declined with the loss Total 12,232 ¯
of riparian habitat there. The yellow-billed cuckoo
¯ will benefit from improvements in habitat that ¯
result from efforts to protect, maintain, andHydraulic processes in the North Delta Ecological 1
restore riparian and riverine aquatic habitatsUnit are influenced by tides, upstream water
throughout the Delta. releases, weather, channel diversions, and river ¯

inflow. Unimpeded tidal action into tidal wetlands 1
DESCRIPTIONS OF ECOLOGICAL

UNITS ¯
North Delta Ecological Unit ¯

NORTH DELTA ECOLOGICAL UNIT Land Use
l

The North Delta Ecological Unit (Figure 3) is
Land use Acres

l
bounded on the south and east by the Sacramento Non-flooded Ag 118,011
River. Notable features are the Yolo Bypass, the Flooded Ag 14,528 ¯
Sacramento deep water channel, the Cache Slough ¯
complex, the Sacramento River and adjoining Orchard 2,832

sloughs, the Snodgrass Slough and Stone Lakes Vines 5.805 ¯
complex, and the Delta Cross Channel (DCC) Total cultivated 141.176 1
gates which, when open, allow Sacramento River
water to flow into the forks of the lower Crass 42.194 1
Mokelumne River. Land elevations generally Other 52,480 1
range from 5 feet below to 10 feet above mean sea
level. Total 235,850
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affects sediment and nutrient supplies into those EAST DELTA ECOLOGICAL UNIT
wetlands and natural marsh successional
processes. Tidal action and floodwater dischargesThe East Delta Ecological Unit (Figure 4) is
from the rivers and Yolo Bypass transportbounded on the northwest by the Sacramento
nutrients and organic carbon into aquatic habitatsRiver; on the northeast by the Mokelumne and
of the Delta and San Francisco Bay. Cosumnes Rivers; and on the south by Highway

12, the South Fork of the Mokelumne River,
Hydraulic processes have been modified in theWhite and Disappointment Sloughs, and the San
North Delta Ecological Unit since the 1890s. Joaquin River. Notable features are Georgiana
Reductions in flow from the Mokelumne RiverSlough, the DCC, the Cosumnes River Preserve,
began in the early 1890s with diversions by theand the Woodbridge Ecological Reserve.
Woodbridge Irrigation District. Further diversion
began with the completion of the MokelurhneLand elevations in this unit generally range from
River Aqueduct in the 1930s. Additional 10 feet below to 10 feet above mean sea level
agricultural diversions from the river werewith the western half of the unit ranging from 10

in the 1960s when the level of feet below to 5 feet below level and thedeveloped present meansea

diversions from the Mokelumne River waseastern half ranging from 5 feet below to 10 feet
reached. The construction of the Yolo Bypassabove mean sea level. These elevations are
significantly altered hydraulic patterns duringgenerally higher that elevations in other regions of
above normal and wet water years. The DCCthe Delta. Elevation is an important factor in
gates began operation in 1951 and increased theevaluating the quality of habitat and in designing
flow of Sacramento River water into the Easthabitat restoration projects.
Delta Ecological Unit and away from the
mains~em Sacramento River below Walnut Grove.. This ecological unit consists of over 100,000

acres. It contains both forks of the Mokelumne
Hydraulic pattems have been further modified byRiver, the Cosumnes River, three dead-end
the significant export pumping beginning in 1951sloughs (Beaver, Hog, arfd Sycamore), and
for the CVP and in 1968 for the SWP. The Barker important waterfowl wintering and sandhill crane
Slough pumping plant at the east end of Lindseyforaging and roosting areas. As with the Delta’s-
Slough in the Cache Slough complex wasother units, the primary land use is agriculture
completed in 1988; it exportswaterdirectlyfrom with over 68% in field crops, orchards, and
the North Delta Ecological Unit to the North Bay. vineyards. (See table in this section for land use
Aqueduct. acreage.)

Current hydraulic conditions in North Deltathe
Ecological Unit affect the ability of this East DeltaEcologiealUnit
ecological unit to support channels with suitable ttabitat Acreage
residence times and natural net flows; to provide
adequate transport flows to the lower estuary; and Habitat Acres

to support high-quality rearing and spawning Riparian scmb 714
habitat, nutrient cycling, and foodweb integrity.

P,]parian 2,201

The effects of many small unscreened diversions Fresh emergent wetland 1,270 ¯

in the North Delta Ecological Unit are (marsh)

undocumented. Seasonal wetland 635

Total 4,820
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Current hydraulic conditions in the east Delta are
East Delta Ecological Unit , unhealthy: These conditions reduce the ability of

Land Use this ecological unit tO provide suitable residence
Land Use Acres times and more natural net flows, to provide

adequate transport flows to the central and west
Non-flooded Ag 58°937 Delta; and to support high-quality rearing and

Flooded Ag 6,054 spawning habitat, nutrient cycling, and foodweb

Orchard 870
integrity.

Vines 2,653 The effects of the many small unscreened
Total cultivated 68,514 diversions in the east Delta are unknown.

Grass 10,906
SOUTH DELTA ECOLOGICAL UNIT

Other 21,152
The South Delta Ecological Unit (Figure 5) is

Total 100,572 bounded on the north by the San Joaquin River,
Turner Cut, Whiskey Slough, Trapper Slough,
Victoria Canal, and Italian Slough. Notable
features are the San Joaquin, Old, and Middle

¯ Rivers; Clifton Court Forebay; and the State and
Less than 5% of the east Delta consists offederal fish protection and export facilities. Land
riparian, oak woodland, fresh emergent wetland,elevations generally range from 10 feet below to
and seasonal wetland habitat. Much of the riparian10 feet above mean sea level. Only about half of
and permanent and seasonal wetland habitat isthe unit is at or slightly higher than sea level.
found along the Cosumnes and Mokelumne
Rivers and in the White Slough Wildlife Area. This ecological unit consists of over 177,000
Hydraulic processes in the east Delta areacres. The primary land use is agriculture with
influenced by tides~ fiver inflow, weather, channelover 60% in field crops, orchards, and vineyards.
diversions, and upstream water releases.Less than 2% of this ecological unit consists of
Unimpeded tidal action into tidal wetlands affectsriparian, oak woodland, fresh emergent wetland,
the habitat’s sediment and nutrient supplies,and seasonal wetland habitat. Much of the riparian
These supplies influence the natural marshand wetland habitat is found in narrow bands
successional processes. Tidal outflows transport "
nutrients and carbon into Bay-Delta aquatic
habitats.

South Delta Ecological Unit
Hydraulic processes have been modified in the Itabitat Acreage
east Delta since the 1800s. Reductions in flow
from the Mokelumne River began in the late Habitat Acres

1800s and continued to decline into the 1960s. Riparian scrub 89"9

The DCC gates began operating in 1951 and Riparian woodland 263
increased the flow of Sacramento River water into
the East Delta Ecological Unit. Hydraulic patterns Fresh emergent wetland (marsh) 650

have been further modified by the significant Seasona! wetland 430
export pumping, which began in 1951 for the
CVP and in 1968 for the SWP. Total 2,242
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I Current hydraulic conditions in the south Delta
South Delta Ecological Unit are unhealthy and affect the ability of this

i Land Use ecological unit to support channels with suitable
Land Use Acres residence times and more natural net flows; to

Nonflooded Ag               98,269             provide adequate transport flows to the

I entrapment zone; and to support high-quality
Flooded Ag 1,909 rearing and spawning habitat, nutrient cycling,

Orchard 3,668 and foodweb integrity.

I Vines 3,.466 While the effects of many small unscreened
Total cultivated 107,312- diversions in the south Delta are undocumented,

effects of the two large export facilities on nearly
I Grass 40,483 all Delta anadromous and resident fishes have

Other 29.434 been well described and are very significant (see
Total 177,229 "Water Diversions Vision" in Volume I: Resource

I Visions for more details).

CENTRAL AND WEST DELTA ECOLOGICAL

I along the San Joaquin River and on small channel UNIT
islands in Old River. (See tables in this section for
acreages.)

. The Central and West Delta Ecological Unit
(Figure 6) is bounded on the west and north by

Hydraulic processes in the south Delta areSuisunBay, the Sacramento River, Highway 12,
influenced by tides, river inflow, weather, channelthe South Fork of the Mokelumne River, and

I diversions, temporary rock barriers in Middle White and Disappointment Sloughs; and on the
River, Old River at Tracy, head of Old River, south by the San Joaquin River, .Turner Cut,
Grantline Canal, and water releases fromWhiskey Slough, Trapper Slough, Victoria Canal,

I upstream reservoirs. Unimpeded tidal action intoand Italian Slough’. Notable features are the San
tidal wetlands affects sediment and nutrientJoaquin and Sacramento Rivers, Franks Tract, the
supplies. These supplies influence the naturalchannel islands in Middle and Old Rivers, and! marsh successional processes. Outflows from tidalPotato and Disappointment Sloughs. Land
wetlands transport nutrients. and carbon intoelevations.generally range from 10 feet below to
aquatic habitats of the Bay-Delta. as deep as 21 feet below mean sea level. This

ecological unit consists of over 200,000 acres. ItI Hydraulic have been modified in theprocesses
south Delta since the 1800s. Further reduction in
flow started in the 1930s with the completion of Central and West Delta

I the Hetch Hetchy Aqueduct from the Tuolumne Ecological Unit

River. In ttie early 1940s, construction of Friant Habitat Acreage

Dam began to significantly alter hydraulic Habitat Acres
I pattems, particularly during drier water years. The

South Bay Aqueduct-began diversions directly
Riparian scrub 1,004

from the South Delta Ecological Unit starting in Riparian Woodland 248¯
1 1962. Hydraulic patterns were further modified by Fresh emergent wetland 5,040

the significant export pumping near Tracy, which
Seasonal wetland 544began in 1951 for the CVP and in 1968 near

’~ I Byron for the SWP. Total 6,836

I Volume 11: Ecosystem Restoration Program Plan
" --~ BAY-DKTA Sacramento-San Joaquin Delta Ecological Zone Vision
~ ~ Draft: March 1998

23

C--006645
(3-006645



contains most of the mainstem of the San JoaquinHydraulic processes have been modified in the
River in the Delta. Agricultural uses account forcentral and west Delta since the 1800s. The South
48% of the area and include field crops, orchards,Bay Aqueduct began diversions directly from the
and vineyards. Approximately 3% of the areasouth Delta starting in 1962. Deliveries to the
consists of riparian, oak woodland, fresh emergentContra Costa Canal began in 1962 directly from
wetland, and seasonal wetland. Much of theRock Slough in the western portion of this unit.
riparian and wetland habitat is found on theHydraulic patterns were further modified by the
extensive network of small channel islands in Oldsignificant export pumping, which began in 1951
and Middle Rivers; on White, Potato, and for theCVPandin 1968 for the SWP.
Disappointment Sloughs; along the edges of Big
Break and Franks Track; on the Lower Sherman Current hydraulic conditions in the central and
Island Wildlife Area; and on adjacenttide landswest Delta are unhealthy. The ability of this

both sides of the Sacramento River channelecological unit to maintain suitabl~ residenceon
between Collinsville and Rio Vista, includingtimes and provide more natural flows is restricted.
Decker Island and adjacent channels. (See theThese restrictions inhibit adequate transport flows
table in this section for habitat acreage.) to the entrapment zone and reduce high-quality

rearing and spawning habitat, nutrient cycling,
The central and west Delta contains most of theand foodweb integrity.
heavily subsided (sunken) islands in the Delta.
Although nearly 98% of this unit was notIn addition to many small unscreened agricultural
reclaimed until after 1900, the highly organic soilsdiversions (e.g., siphons and pumps), electric
of this unit have oxidized at an accelerated rate.generating stations divert up to 1,500 cfs of Delta
This has resulted in subsidence (sinking) of 20 towater. The water is diverted at Antioch, along the
30 feet in many places. The subsidence has led toSan Joaquin River channel, for cooling purposes.
serious potential erosion of the levees around theSome juvenile Delta fish are stressed or killed in
islands and numerous levee breaks in the lastthe water diverted for plant cooling. Though the
Several decades, amount of heat added to the Delta is small, it is

locally measurable. This combined with other
The central and west Delta has some of theheated discharges contributes to significant
highest levels of wintering waterfowl within theseasonal warming of Delta waters.
Delta. They use seasotially flooded croplands on
the deeper islands in’ this unit. The CaliforniaVISION FOR THE ECOLOGICAL
Department of Water Resources is .one of the most
significant landowners in this unit owning most of ZONE
Twitchell and Sherman Islands.

The vision for the Sacramento-San Jbaquin Delta
Hydraulic processes in the central and west DeltaEcological Zone is to achieve a healthier
are influenced by tides, river inflow, weather,ecological system that better provides for the
channel configuration, water diversions, and riverneeds of plants and animals using the system. A
inflow. Unimpeded tidal action into tidal wetlandshealthy ecosystem will have more natural
affects sediment and nutrient supplies into thosefreshwater flow and channel hydraulic patterns. A
wetlands to complement natural marshmore natural channel configuration with greater
successional processes. Tidal action associatedamotints of slough and permanent and seasonal
with flows out of tidal wetlands transport wetland habitat will provide more habitat for fish,
nutrients and organic carbon into aquatic habitatswaterfowl, and wildlife, and improve aquatic
of the Bay-Delta. foodweb production and water quality.

Improvements in riparian vegetation along
waterways will reduce heating of the water and
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provide habitat for fish and wildlife. A healthyhabitat improvements, and improved screening
Delta ecosystem will lead to improved survival ofsystems at water diversions.
anadromous fish that depend on the Delta for a
portion of their life cycles, including chinookMuch of the new fish and wildlife habitats will
salmon and steelhead, striped bass, white andcome from agricultural lands that are either no
green sturgeon, and American shad. A healthylonger productive or too expensive to maintain
Delta will also help toward improving the native(e.g., levee maintenance costs are too high). These
resident fish community including delta smelt andlands will be purchased from willing sellers.
splittail, as well as resident wildlife, migratoryProductive agricultural lands will continue to be
waterfowl, neotropical birds, and special-statusan integral part of the Delta habitat mosaic and
plants and plant communities, will be protected by upgrading channel

configurations and levees.
A restored Delta will haveecosystem improved
ecological processes and habitats and reducedThe Delta’s levee system will be effectively
stressors. Ecological processes that will bemaintained to reduce the risk of failure. This will
improved include freshwater inflow and outflow~ also minimize loss of water quality (e.g., saltwater
Delta hydraulics, channel configuration, waterintrusion) and loss of high-value wildlifehabitat
temperature, floodplain processes, and aquatic andand agricultural land. Riparian, wetland, and
terrestrial foodweb productivity. There will be aquatic habitat along the levees will be improved
substantial increases in the acreage of tidalwhere possible. In those areas where leveed lands
emergent wetlands, seasonal and permanentcan eventually be restored to tidal action, the
nontidal wetlands, and shallow water, riparian,exterior levees will be maintained until the island
and tidal slough habitat. Stresses from land use,interiors are restored to the proper elevations
urban and industrial development, contaminants,necessary to support the desired habitats.
land reclamation; water diversions, flood control
(i.e., levees and bank protection), non-native plantA basic restoration strategy is to protect and
and animal species, recreational activity (e.g.,enlarge areas of remaining native habitats and
boating); water conveyance structures, livestockestablish the connectivity of these areas. For
grazing, and agricultural practices will beexample, the Cosumnes River Preserve (Badger
reduced. Creek Marsh) supports a sizable population of

giant garter snake. Caldoni Marsh (White Slough
Following restoration, the Delta will be a betterWildlife Area) west of Lodi is also an area of
fish spawning, rearing, and migration habitat. Aseveral recent and historical giant garter snake
healthy Delta will be more effective in nutrientsightings. Stone Lakes Refuge-Morrision Creek

and will increase primary (plant) and drainage and the Yolo Basin also contain suitablecycling
secondary (animal) productivity. Productivity will garter snake habitat, though population sizes are
increase through improved freshwater inflow andthought to.be quite small. Restoring connectivity.
outflow, longer hydraulic residence time in Deltaof these areas would benefit giant garter snakes
channels, and an increase in the amount of tidaland contribute to their recovery by providing
wetlands. Improved Delta productivity will also corridors for the reestablishment of historic
improve the productivity of northern Sanpopulation. Such areas in the Delta include:
Francisco Bay.

¯ the Cache Slough complex, ,
Both the endangered winter-run chinook salmon
and the threatened delta smelt will benefit from

¯ Stone Lakes,

improved Delta inflow and outflow during thelatē the Cosumnes River Preserve in the north
winter and spring, greater estuary (river mouth) Delta, and
foodweb productivity, riparian and wetland
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¯ the Sherman Island Wildlife Area in thequality of life for Delta fish and wildlife
western Delta. .populations, while protecting the region’s

agricultural.economy and preserving landowner 1
Benefits to species and habitats will comeproperty righ.ts. Rebuilt levees will protect 1
predominantly through changes to importantvaluable agricultural lands and other properties.
physical processes. These processes include: Improved fish and wildlife populations will

benefit recreation. Greater areas of wetlands and ¯
¯ freshwater flow into and through the Delta riparian habitat will benefit water quality. With

restoration, the Delta would provide improved
¯ hydraulic conditions within Delta channels,educational and recreational opportunities. The 1

and Delta will provide increased public opportunities
for wildlife observation, photography, nature

¯ the channel configuration of the Delta. study and wildlife interpretation, fishing, hunting,
picnicking, and other activities in a manner that is

Increasing the amount of the floodplain that isconsistent with maintaining the fish and wildlife
inundated by flood waters and tides, andvalues of the Delta and protecting adjacent private
increasing the amount of shallow water andproperties.
shorelines will increase tidal aquatic, wetland, and
riparian habitats. Habitat improvements will beAttaining this vision requires extensive efforts in
made in concert with floodplain and leveethe Delta, and in watersheds above the Delta. For
improvements. Levees will be rebuilt andthis reason, this Delta vision is closely tied to the
maintained to include shallow water and riparianvisions for the other 13 ecological zones. ¯
habitats that not only protect the integrity of theImportant ecological processes such as
levees, but also provide valuable fish and wildlifestreamflow are controlled by upstream reservoirs
¯ habitat. Agricultural lands on Delta islands will beand watersheds to the Delta. Delta habitat and the ¯
managed to better support waterfowl and wildlife,productivity of that habitat are greatly dependent |
Tidal sloughs and creeks will be restored to theiron physical, chemical, and biological processes
¯ former health from improved channel hydraulics,upstream of the Delta.
water quality, and riparian vegetation, and
reductions in non-native aquatic plants (e.g., waterA focus on natural processes may reduce the need
hyacinth), for measures that artificially maintain habitat and

plant and animal populations (e.g., hatcheries). It
To ensure this recovery, it will be necessary tomay be necessary, however, to artificially sustain
reduce stressors. Examples of stressors includehabitat, severely inhibit stressors, and increase
the alteration of Delta hydraulic patterns bypopulation abundance until such time when 1
pumping in the South Delta, unscreened or poorlynatural ecological processes and functions are
screened diversions, non-native invasive plantrestored. This will be particularly true during the
species (e.g., water hyacinth), toxic substances,recovery period.
and human disturbance such as erosion of
sensitive habitats from boat wakes. In some cases, VISIONS FOR ECOLOGICAL UNITS
fish and wildlife may need temporary or even
long-term support through artificial habitat NORTH DELTA ECOLOGICAL UNIT
construction, reductions in legal and illegal
harvest, or artificial reproduction (e.g.,Habitat restoration, fish passage improvement,
hatcheries), and floodplain modifications are the primary

focus of the restoration program in the North
Improvements to restore the health of the estuaryDelta Ecological Unit (Figure 3). Restoring a ¯
need to be made in a way that contribute to themosaic of tidal emergent wetland and SRA habitat
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at the ecological-unit level should provideand other native fishes. The sloughs would drain
essential resources for all species, particularlyinto extensive marsh-slough complexes developed

i communities or assemblages of species that havein shallow islands (i.e., Liberty, Little Holland,.
declined significantly within the Delta. and Prospect) at the lower end of the bypass.

These changes, in conjunction with structural

i Habitat restoration will focus on four areas: improvements to the bypass floodway (e.g.,
~._ reducing the hydraulic impedance of the railroad

¯ the Yolo Bypass including shallowcauseway paralleling Interstate 80, and removing
agricultural islands at the south end of thelevees along the lower Sacramento Ship Channel

I bypass (i.e., Prospect, Holland, (see below), possiblyLittle and will retainand increasethe
Liberty) flood bearing capacity of the Yolo Bypass.

I ¯ tidal sloughs between the Sacramento ShipTo the east of the Yolo Bypass, the vision
Channel and the Sacramento River (i.e.,=includes some improvements to the Sacramento
Steamboat, Miner, Oxford, and Elk) Ship Channel. Fish passage problems at the gate

I structure on the Sacramento River at the north end
¯ the StoneLakes-CosumnesPreservecomplex,of the ship channel should be resolved by

and constructing fish passage facilities. Connections

i between the ship channel and the new island
¯ the main channel of the Sacramento Rivercomplexes at Liberty, Little Holland, and Prospect

from .Sacramento to Rio Vista. Islands would be considered.

I Seasonal patterns of freshwater inflow from theThe major sloughs to the east between the ship
Sacramento River, Yolo basin (Cache and Putahchannel and the Sacramento River, including

¯ [] Creeks), and the Cosumnes and MokelumneMiner, Steamboat, Oxford, and Elk, should be
Rivers would be improved. Fish passage problemsimproved as salmon migration corridors. Riparian
in the Yolo Bypass, DCC, Sacramento Ship habitat would be improved along these sloughs.

i Channel, and Snodgrass Slough should beSetback levees along portions of these sloughs
resolved. Unscreened diversions in importantmay expand the slough and adjacent marsh
habitat and migration pathways should becomplexes. Increases in the hydraulic connections
screened. Non-native plants will be controlled, at the northern end of the slough complex on theI Sacramento River and at the southem end at
The vision for the North Delta Ecological Unit Prospect Island would increase tidal and net flows
focuses heavily on habitat restoration in the majorthrough the complex, which along with habitat

I subunits. In the Yolo Bypass, channels should beimprovements, could represent important rearing
. constructed to connect to channel improvementsand migrating habitat improvements for salmon
in the Yolo basin (i.e., cormections with Putah andand other anadromous and resident fish.

I Cache Creeks, the Colusa drain, and the
Sacramento River through the Sacramento andAlong the Sacramento River channel between
Fremont weirs). These channels should beSacramento and Rio Vista, restoration is limited
constructed as permanent sloughs along eitherto improvements to riparian vegetation along the
side ofthebypass, major federal levees and to protection and

possible improvements to retain remaining

I The sloughs will feed permanent tidal wetlandsshallow-water habitat and tule berms along the
constructed along the bypass and connected withriver sides of the levees. In addition, habitat
existing wetlands within the Yoio Basin Wildlifewould benefit from improving and maintain flows

I Area. The sloughs would provide rearing andthat contribute to riparian regeneration. These
’ migrating habitat for juvenile and adult salmon,habitats may be important spawning habitat of
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delta smelt and other native Delta fishes andsloughs on the east edge of the Delta should be
important rearing and migratory habitat ofthe focus of restoration efforts.
juvenile salmon and steelhead.

The vision for Georgiana Slough and the north
The vision for the Stone Lakes-Snodgrass Slough-Mokelumne River channel is limited to
Lower Cosumnes/Mokelumne complex at the improvements in riparian habitat along the levees.
northeast side of the North Delta Ecological UnitEmphasis would be placed on improving severely
includes extensive habitat improvements. Thesedegraded riparian habitat along lower Georgiana
improvements will be consistent with increasingSlough.
the connection of wetlands and riparian
woodlands in the Stone Lakes and Cosumnes"~he vision for the east side of the unit along the
preserves. Remnant marshes, riparian woodlands,South Mokelumne River and its adjoining dead-
and tidal sloughs along SnodgrassSlough wouldend sloughs (Beaver, Hog, and Sycamore) is
be protected and improved. Some small units ofextensive restoration of native Delta habitats.
leveed agricultural lands would be converted toLevee setbacks and improvements along the river
marsh-slough complexes. Flood control leveesand sloughs would be accompanied by shallow-
would be upgraded and riparian and shallow-water and riparian habitat improvements.
water habitat improved on the waterside of the
levees. Gated connections with appropriate fishSubsided leveed lands between the sloughs would
passage facilities (and, potentially, screens) wouldbe converted to floodplain overflow basins. These
be considered on the Sacramento River at thefloodplains would support non-tidal, permanent
north end of Sn0dgrass Slough and Morrisontule-marsh wetlands, or seasonal agricultural
Creek near Hood to provide this portion of the production. After many decades of flooding,
unit with water at a level consistent with pre-leveemarsh growth, and sediment-laden flood

¯ flows. Water hyacinth infestations would beoverflow, these floodplains could be converted to
controlled throughout the complex. Alltidal wetland.
unscreened agricultural diversions located along
salmon migratory corridors or spawning habitat ofTidal headwaters of sloughs and adjacent lands
delta smelt would be screened, would be opened to provide permanent tidal

wetland marsh-slough complexes. Conversion of
Changes in the operation of the DCC gates wouldthese agricultural lands would also reduce water
be considered depending on which programdiversions (i.e., loss of water and juvenile fish).
alternative is chosen. Levee setbacks and a wider floodplain would

improve habitat for fish including resident delta
EAST DELTA ECOLOGICAL UNIT smelt and splittail and seasonal migrant salmon

and steelhead from the Cosumnes and
The vision for the East Delta Ecological UnitMokelumne Rivers.
focuses on restoration of native Delta habitats that
will improve spawning, rearing, and migration SOUTH DELTA ECOLOGICAL UNIT

habitats of native Delta fishes, as well as provide
extensive new amounts of wetland, waterfowl,Large, scale habitat restoration, channel and
and wildlife habitat. Restoring a mosaic of habitatfloodplain improvements, hydraulics, and losses
conditions at a landscape level should provideat unscreened diversions and water export
essential resources for all species, especiallyfacilities are the primary focus of the restoration
communities or assemblages of species that areprogram in the South Delta Ecological Unit.
rare within the Delta. Improvements along theRestoring a mosaic of habitat conditions at a
south Mokelumne River and adjoining dead-endlandscape level should provide essential resources

for all species, particularly communities or
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assemblages of species that are rare within theinclude a state-of-the-art fish collection, handling,
Delta. and transport System that would reduce fish

~losses. Some alternatives would further reduce
The vision for the South Delta Ecological Unitlosses of fish from the south Delta by limiting
focuses on restoring floodplain habitat along thediversions from the south Delta in seasons when
lower San Joaquin River between Mossdale andfish are most abundant or vulnerable. Fish losses
Stockton and improving riparian habitat alongcould also be reduced by providing alternative
leveed sloughs throughout the unit. Improvingsources of water to south Delta islands, which
interior slough complexes of the Old and Middlewould otherwise divert water from existing
Rivers would which CALFED channels.depend on
alternative is chosen for conveyance through the
Delta. Minimal improvements would .be madeA screened-gated barrier at the head of Old River
under alternatives that use existing Delta channelswould be installed to prevent San Joaquin River
because these channels would remain majorwater and fish from moving into the southern
conduits for moving water to the export pumps.Delta. The barrier would help ensure that San
Other alternatives would provide more flexibilityJoaquin River water and juvenile salmon would
in the form of improvements in riparian andhave some chance of reaching the western Delta
emergent wetland habitat and channeland the San Francisco Bay. Precautions would be
configurations. Depending on the preferredtaken in the operation of the barrier to not cause
alternative, the South Delta Ecological Unit couldincreased delta smelt, winter’run chinook salmon,
be a location in which extensive restoration ofand other fishes movement south into the South
tidal emergent wetlands and tidal perennialDelta and greater losses at south Delta export
aquatic habitat occurs. This in influenced by thefacilities.
present land elevations and because land
subsidence has been less dramatic that in otherCENTRAL AND WEST DELTA ECOLOGICAL
regions of the Delta. UNIT

A major focus of the vision in the south Delta willRestoring habitat is the primary focus of the
be expansion of the floodway in the lower Sanrestoration program in the Central and West Delta
Joaquin River floodplain between Mossdale andEcological Unit. Restoring a mosaic of tidal
Stockton. Setback levees and overflow basinsemergent wetland and SRA habitat on a large
offer opportunities to increase the flood-bearingscale should provide essential resources for all
capacity of the existing configuration of the riverspecies dependent on the Delta. Protecting and
floodplain, as well as potential for creatingenhancing levees around all the deeper islands

should include major adjacent shoal and shallow-significantamountsof nativetidal emergent
wetlands within the floodplain, regardless of’water habitat, as well as riparian and tule-berm
which conveyance alternative is chosen. (midehannel islands) improvements. Changes in

channel will and improvehydraulics Protect
Another important focus of the vision is to solvehabitats in specific sloughs~ Water conveyance
the problems associated with the export of waterthrough the Delta should be concentrated in
from the south Delta export facilities of the SWPspecific channels that should be reinforced for
and CVP near Byron and Tracy, respectivelyr that purpose, and little habitat restoration should
Under all three CALFED alternatives, it isbe coffducted along these channels so as not to
imperative that the loss of juvenile anadromousencourage residence of juvenile fishes. Portions of
and resident fishes at the two export facilities bedeeper islands should be reclaimed where possible
reduced as soon as possible~ A new fish screenfor tidal or nontidal marsh habitat. Unscreened
facility would be constructed that would screen alldiversions in important migration pathways of.
water for both facilities. The screen system would

~
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salmon and delta smelt should be screened orOn deeper Delta islands, levees should be
relocated to other channels, upgraded to protect them from catastrophic

failure. Portions of or all of some islands would
The vision for the Central and West Deltabe considered for establishingpermanentnontidal
Ecological Unit is to restore fresh emergentwetlands. Approximately 30,000 acres of these
wetland habitat, shoal and shallow-water aquaticislands would be appropriate for consideration of
habitat, and adjacent riparian habitat. Along thepermanent or seasonal wetland development, or
main channel of the San Joaquin River wherecombination wildlife habitat and agricultural use.
levees are being upgraded; wetland, shoal,Selected islands may also be appropriate for flood
shallow-water, and adjacent riparian habitatoverflow basins or seasonal water storage
should be improved. Where feasible, newreservoirs.
construction should set back levees on portions of
islands where the ratio of levee length to protectedAlong the west side of the unit in the Highway 4
agricultural a.creage is high. This will potentiallycorridor, there are many opportunities to combine
reduce levee construction and maintenance costsurban, agricultural, and native. Delta habitat
and provide new tidal shallow-water, slough, developments. There are many opportunities for
wetland, and riparian habitat, tidal slough and marsh habitat development in this

area. Such opportunities would be more valuable
These selected islands would be on higherifAltemative3werechosen, because the channels
elevation lands tO minimize the need for fill;in this area would convey less water to south
however, some fill would be needed on deeperDelta pumping plants.
comers. This might be closely linked with the
LTMS strategy for the beneficial reuse of dredgeUnscreened diversion along major pathways of
materials as it would accelerate marsh rebuildingsalmon and delta smelt would be relocated or
p̄rocesses. On such setbacks, levees wouldscreened. Screening systems at Antioch electric
initially be maintained while fill was applied andpower plants would be upgraded to reduce loss of
habitats developed. Eventually, the levees wouldfish to entrainment through or impingement on
be breached or gated to allow tidal flows into thethe fish screens. The extent of screening needs
newly developed habitats. In some cases, entirewould depend on which program alternative is
small islands may be reclaimed, similar to thechosen
way in which portions of western Sherman Island
in the west Delta were reclaimed for ~aquatic and VISIONS FOR ECOLOGICAL
marsh habitat. Along the margins of the unit PROCESSES
selected levees could be breached or removed to
provide areas of tidal wetlands and adjacent
grasslands. The amount of new habitat potentially CENTRAL VALLEY STREAMFLOWS

derived from these actions represents as much as
10% of the total acreage in the Central and WestMuch of the fresh water of the State drains the

Delta Ecological Unit. watersheds of the Central Valley through the
Delta. A healthy pattem of freshwater inflow into

Selected tidal channels and sloughs in the Centraland through the Delta would entail natural late

and West Delta Ecological Unit (e,g., Potatowinter and spring flow events especially, in dry

Slough and Disappointment Slough) retain goodand normal water-year types. Such flow events

habitat in the form of midchannel islands,would support many ecological processes and

shoreline marshes and riparian woodlands, andfunctions essential to the health of important Bay-
shallow waters. These habitats would be protectedDelta fish populations. Inflow to the Delta is

and would also require active water hyacinthimpaired in dry and normal rainfall years from the

control, storage and diversion of natural inflow to the
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¯
D basin watersheds. The need for inflow coincideswinter and early spring will help delay warming

with the need for natural flows in the mainstemof the Delta channels.

I rivers, their tributaries, and San Francisco Bay.
Increasing low salinity habitat at Roe Island, DELTA CHANNEL HYDRAULICS
Chipps Island, and at Collinsville will benefit

I rearing native fishes dependent on this type ofConfinement of Delta channels and use of
habitat, channels to convey water across the Delta has led

to reduced productivity and habitat value of Delta

I NATURAL SEDIMENT SUPPLY channels. Restoration of natural hydraulic
conditions in some Delta channels would improve

Maintain a sustainable supply of naturalproductivity andhabitatvalues.

i sediments to the Delta. Sediments are one of the
basic ecological components contributing to the ¯ BAY-DELTA AQUATIC FOODWEB
development of the Delta landscape over the past
6,000 years. Sediments are needed to maintainThe aquatic foodweb of the Delta, which supports

I floodplains, shallow shoals, mudflats, important resident and anadromous fish, has beenmid-
channel islands, and contribute to maintaining andseverely impaired. The major foodweb stressors
restoring riparian, wetland, and aquatic habitats,include drought, reductions in freshwater flow,I In the longer term, sediments play an water diversions, introductions of non-nativemay
important role in reversing land subsidence onspecies (e.g., Asiatic clams), and loss of shallow
many Delta islands, water and wetland habitats. Proposed

I improvements in spring flows, channel hydraulics,
NATURAL FLOODPLAINSANDFLOOD wetland habitats, and floodplain inundation

PROCESSES should lead to a healthier and more productive

I aquatic foodweb. Improved water quality and
Expand the Delta floodplain by setting back orgreater sediment retention in wetland, riparian,
removing portions of the levee. This wouldand floodplain habitats will also increase foodweb
enhance floodwater and sediment retention in theproductivity.
Delta and provide direct and indirect benefits to

. floodplain dependent fish and wildlife. Such VISIONS FOR I-IABITATS

I floodplain expansion should also help alleviate
flooding potential in other areas of the Delta. TIDAL PERENNIAL AQUATIC HABITAT

I CENTRAL VALLEY STREAM Land reclamation in the Delta has reduced the
TEMPERATURES area of tidal aquatic habitats such as small

sloughs, ponds, and embayments in tidal

I During spring and fall, Delta channels are’used bywetlands. Increased tidal wetland acreage and
anadromous fish for migrating between rivers andassociated aquatic habitats will provide additional
the Pacific Ocean and axe used as rearing areas asvaluable fish and waterfowl habitat.

I well. Untimely high water temperatures stress
migrating fish by delaying their movement orNONTIDAL PERENNIAL AQUATIC HABITAT
causing mortality. Improvements in riparian and
SPA habitat along Delta channels would improveIncreasing the area of ponds and lakes on leveed
water temperatures in small but importantland in the Delta will provide needed habitat for
increments in these areas during critical fall andshorebirds, waterfowl, and wildlife.

i spring migrating periods. Higher inflow in late .
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DELTA SLOUGHS PERENNIAL GRASSLANDS I

Increasing the number, length, and area of dead-Protecting and improving perennial grassland
end and open-end sloughs in the Delta will benefithabitat will benefit special-status wildlife
native fishes, as well as waterfowl, wildlife, andpopulations, and help protect adjoining wetland
neotropieal songbirds, habitat.

.1

MIDCHANNEL ISLANDS AND SHOALS AGRICULTURAL LANDS

Channel islands in the Delta have associatedImproving habitats on and adjacent to agricultural I
remnant, shallow-water, wetland, and riparianlands in the Delta will benefit native waterfowl
habitats that are valuable foi" fish and wildlife,and wildlife species. Emphasizing certain ¯
Maintaining and restoring these islands isagricultural practices (e.g., winter flooding and |
important given the lack of such habitat andharvesting methods that leave some grain in the
limited potential for creating new habitat withinfields) will also benefit special-status wildlife
the Delta channels, such as sandhill cranes. 1

FRESH EMERGENT WETLAND HABITAT VISIONS FOR REDUCING OR

ELIMINATING STRESSORS IRestoring tidal and nontidal marshes in the Delta
will benefit foodweb productivity and water

WATER DIVERSIONS l
quality. It will also provide important habitat for
fish, waterfowl, and wildlife.

Screening, consolidating, reducing, and relocating

SEASONAL WETLAND HABITAT
water diversions will reduce loss of important fish
and aquatic foodweb organisms. These actions ¯
will also improve Delta outflow and channel

Increased seasonal flooding of leveed lands and       hydraulics. Relocating south Delta diversion and
flood bypasses will provide important habitat for ¯rehabilitating fish facilities should greatly reduce
shorebirds, waterfowl, and raptors, particularlythe annual losses to these diversions. Improved
Swainson’s hawk, as well as native plants andscreening at large Delta power plants should
wildlife. Flooding and draining of seasonalreduce entrainment and impingement losses of

Iwetlands also contributes to the aquatic andmany important Delta fish species.terrestrial foodwebs of the Delta and Bay.

LEVEES~ BRIDGES~ AND BANK PROTECTION
IRIPARIANAND RIVERINEAQUATIC

HABITAT                      Levee construction and bank protection have led
to the loss of riparian, wetland, and shallow-water ¯

Restoring riparian (waterside) vegetationhabitat throughout the Delta. Habitat
corridors along levees and associated SRA habitatimprovement on levees and shorelines should help
will benefit many native fish and wildlife speciesrestore biodiversity and ecological functions ¯
dependent on this type of habitat, needed for aquatic and wildlife resources of the ¯

Delta.
INLAND DUNE SCRUB ¯

DREDGING AND SEDIMENT DISPOSAL
Protecting remaining inland dune scrub habitat
will protect special-status wildlife populations. Reducing the loss of and degradation to important. 1

aquatic habitat and vegetated berm islands caused
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by dredging activities would protect, restore, andinvertebrate tissues. Fewer health warnings for
maintain the health of aquatic resources in andhuman consumption of Delta fish and improved
dependent on the Delta. foodweb productivity would also be expected.

INVASIVE SPECIES HARVEST OF FISH AND WILDLIFE

Over the. past several decades, the accidentalThe legal and illegal harvest of fish may limit
introduction of many marine and estuarinerecovery of some populations in the Delta and its
organisms has greatly changed the plankton andwatersheds. Increasing enforcement wi!l help
benthic (bottom and shore dwelling) invertebratesreduce illegal harvest of striped bass and sturgeon
of the Delta. These organisms come mainly fromin the Delta. Increased enforcement should lead to
the ballast waters of ships from the Far East. Thereduced frequency of violations per check by
introduction of these invasive species has hadenforcement personnel.
further ramifications up the foodweb. Further
changes can be expected if restrictions are not DISTURBANCE
made on ballast water releases into the San
Francisco Bay and Delta. Border inspections andBoat traffic in the Delta contributes to the erosion
enforcement of regulations regarding ballast waterof remaining shallow water, riparian, and wetland
releases should redlace the number of invasionshabitat along Delta channels. Reducing boat
each year to the Delta. Where invasive speciesspeeds and traffic in channels where remnant or
have become a serious problem, possible meansrestored habitats are susceptible to wave erosion
will be developed to control their distribution anddamage would help preserve existing remnant
abundance, habitat and ensure the success of habitat

restoration efforts. Reduced rates of erosion and
PREDATION AND COMPETITION loss of shoreline habitats would be expected in

areas of reduced disturbance. Enforcement and/or
The numbers of predatory fish at certain locationsstricter boating regulations on bilge pumping,
in the Delta (e.g., Clifton Court Forebay) are highrefueling, and oil changes will result in decreased
and contribute to the loss of resident andcontaminant loading and improve water quality.
anadromous fish. Reductions in these localBoating also adversely affect two critical
predator concentrations may reduce predation onbiological events in the Delta: spawning seasons
important fish, including juvenile chinookfor fish, particularly shallow water spawners such
salmon, steelhead, striped bass, and delta smelt,as delta smelt, and wintering periods for
Predator control would also improve fish salvagewaterfowl and shorebirds.
at the State Water facilities at CliftonProject
Court Forebay. Programs and projects that . VISIONS FORSPECIES
exclude fish such as salmon and delta smelt from
areas that harbor concentrations of predators will DELTASMELT
contribute to reducing the adverse affects of
predation.                                       Recovery of tiae delta smelt population in the

Delta will occur through improved Delta inflow,
CONTAMINANTS greater foodweb productivity, increased areas and

quality of aquatic habitats, including the South
Reducing toxin inputs in discharges and from and reduced effects of water diversions.Delta,
contaminated sediments is essential to maintainHigher production should be apparent in dry and
water quality. Reduced concentrations in watersnormal water year types in response to
entering the Delta should lead to lower
concentrations in Delta water and in fish and

~ ~
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improvement in flows, habitats, and foodweb andflows through the Delta, increases in wetland and
to reductions in stressors. ¯ floodplain habitats, lower spring water

temperatures, an improved aquatic foodweb, and
LONGFIN SMELT reduced effects of water diversions. Survival rates

through the Delta should increase. Numbers of
The vision for longfin smelt is to improve theyoung salmon rearing in the Delta should increase
population of this species of special concern in thewith !mproved winter-spring flows and wetland
Bay-Delta estuary so that it resumes its historicalhabitats.
levels of abundance and its role as an important
prey species in the Bay-Delta aquatic foodweb. STEELHEAD TROUT
Achieving consistently high production of longfin
smelt in normal and wetter years, whichSteelhead will benefit from improved Delta
historically produced more abundant juvenileinflow and outflow, channel .hydraulics, and
populations (year classes), will be critical to theincreased area of tidal marshlands. The vision is
recovery of longfin smelt, that restoration of ecological processes and

habitats, along with a reduction of stressors, will
SPLITTAIL contribute to stable and larger steelhead

populations.
Recovery of the Delta splittail population will
occur through increased flooding of floodplains, STRIPED BASS
higher late-winter Delta inflow, and improved
tidal aquatic and wetland habitats. GreaterThe striped bass population will benefit from
production of young would be expected in dry andincreased inflows to the Delta in late winter and
normal water year types, spring, an improved aquatic foodweb, and reduced

effects of water diversions. Improvements in
WHITE STURGEON AND GREEN STURGEON water quality and reducing summer losses to

diversions may be importalat in the long-term
The vision for white and gr.een sturgeon is torecovery of striped bass. Given the high
restore population distribution and abundance toreproductive capacity of striped " bass,
historical levels. Restoration of these speciesimprovements in production of young should
would support a sport fishery for white sturgeon,quickly follow improvements in flow and
ensure recovery of the green sturgeon population,foodweb and reductions in stressors.
and contribute to overall species richness and
diversity and reduce conflict between the need for AMERICAN SHAD
protection for these species and other beneficial
uses of water in the Bay-Delta. White and greenCentral Valley American shad populations will
sturgeon would benefit from improved ecosystembenefit from improved spring Delta inflow and an
processes, including adequate streamflow toimproved Delta aquatic foodweb. Populations
attract adults to spawning habitat, transport larvaewould be expected to remain stable or increase.
and early juveniles to productive rearing habitat,Increases would be expected in dry and normal
and maintain productivity and suitability ofrainfall years.
spawning and rearinghabitat (including
production of food). RESIDENT FISH SPECIES

CItlNOOKSALMON ~ Many native and non-native fish species will
benefit from improved aquatic habitats and

Central Valley chinook salmon populations willfoodweb. Population abundance indices should
increase with improved late-winter .and springremain stable or increase. The distribution of
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native resident fishes should increase with CALIFORNIA RED-LEGGEDFROG
widespread habitat restoration. The extirpated
Sacramento perch could be restored to newThe vision for the California red-legged frog is to
habitats inthe Delta. assist in the recovery of this federally listed

threatened species. Achieving this vision will
BAY-DELTAFOODWEB ORGANISMS contribute to the overall species richness and

diversity and to reduce conflict between
The vision for the Bay-Delta aquatic foodweb, protection for this species and other beneficial.
organisms is to restore the Bay-Delta estuary’suses of land and water in the Bay-Delta.
once-productive food base of aquat!c algae,Protecting existing and restoring additional
organic matter, microbes, and zooplanktonsuitable aquatic, wetland, and riparian habitats
communities. Restoring the Bay-Delta foodweband reducing mortality from non-native predators
organisms would require enhancing-planktonwill be critical to achieving recovery of the
growth and evaluating the need to reduce loss ofCalifornia red-legged frog. Restorati6n of
plankton to water exports, particularly in drieraquatic, wetland, and riparian habitats in the
years, options enhancing Sacramento-San Joaquin EcologicalSeveral exist for Delta Zone
plankton growth. Improving Delta inflow and will help in the recovery of this species by
outflow in spring of drier years will be anincreasing habitat quality and area.
essential element of any plan. Another important
element includes reducing the amount of toxic GIANT GARTER SNAKE AND WESTERN
substances entering the system which may POND TURTLE
adversely affect foodweb organisms.

The vision for the giant garter snake and western
WESTERN SPADEFOOT AND CALIFORNIA pond turtle is to assist in their recovery in order to

TIGER SALAMANDER contribute to the overall species richness and
diversity. Achieving this vision will reduce the

The vision for the western spadefoot and theconflict between protection for this species and
California tiger salamander is to assist in theother beneficial uses of land and water in the Bay-
recovery of these species in the Bay-Delta.Delta. Protecting existing and restoring additional
Achieving this vision will contribute to overallsuitable wetland and upland habitats will be
species richness and diversity and reduce conflictcritical to achieving recovery of the giant garter
between the need for their protection and othersnake and western pond turtle. The proposed
beneficial uses of land and water in the Bay-Delta.restoration of aquatic, wetland, riparian, and
Protecting and restoring existing and additionalupland habitats in the Sacramento-San Joaquin
suitable aquatic, wetland, and floodplain habitatsDelta Ecological Zone will help in the recovery
and reducing the effect of other factors that can,of these species by increasing habitat quality and
suppress breeding success will be critical to thearea.
recovery of the western spadefoot and California
tiger salamander. Restoration of aquatic, seasonal SWAINSON’ S HAWK
wetland, and floodplain habitats in the
Sacramento-San Joaquin Delta Ecological ZoneImprovements in riparian and agricultural wildlife
will help recover this species by increasing habitathabitats will aid in the recovery of the Swainson’s
quality and area. hawk. Increased abundance and possibly some,

nesting would be expected in the Delta as a result
of improved habitat.
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I
CALIFORNIA BLACKRAIL the Delta and possibly .increases in some ¯

p̄opulations would be expected.
Restoring emergent wetlands in the Delta should ¯
aid in the recovery of the California black rail. UPLAND GAME
Population abundance and distribution should
increase in the Delta. The vision is to maintain healthy populations of ¯

upland game species at levels that can support
GREATER SANDItILL CRANE both consumptive (e.g., hunting) and

nonconsumptive (e.g., birdwatching) uses,
Improvements in pasture lands and seasonallythrough protection and improvement of habitats |
flooded agricultural habitats, such as flooded cornand reduction in stressors. Protecting and
fields, should help toward recovery of the greaterrest6ring existing and additional suitable 1
sandhill crane population. The population shouldgrassland, seasonal and emergent wetland, |remain stable or increase with improvements inmidchannel island and shoal, and riparian
habitat, habitats, and improving management, of

Ill
agricultural lands and reducing the effect of 1

SHOREBIRDS AND WADING BIRDS stressors that can suppress breeding success will
be critical to maintaining healthy upland game

Shorebirds and wading birds will benefit frompopulations in the Bay-Delta. 1
restoration of wetland, riparian, aquatic, and
agricultural habitats. The. extent of seasonal use of NEOTROPICAL MIGRATORY BIRDS
the Delta by these birds should increase.

The vision for the neotropical migratory bird
RIPARIAN BRUSI-IRABBIT guild is to restore and maintain healthy

populations of neotropical migratory birds 1
The vision for the riparian brush rabbit is to assistthrough restoring habitats on which they depend.
in the recovery of this State-listed endangeredProtecting existing and restoring, additional
species in the Bay-Delta through improvements insuitable wetland, riparian, and grassland habitats ¯
riparian habitat and reintroduction to its formerwill be critical to maintaining healthy neotropical
habitat. Restoring suitable mature riparian forest,migrant bird populations in the Bay-Delta. Large-
protecting and expanding the existing population,scale restoration of nesting habitat will help
and establishing new populations will be criticalreduce nestparasitism and predation by creating 1
to the recovery of the riparian brush rabbit,habitat conditions that render neotropical birds
Restoration of riparian habitats in the South Deltaless susceptible to these stressors. ¯
Ecological Unit of the Sacramento-San Joaquin
Delta Ecological Zone and the East San Joaquin LANGE~S METALMARK~ DELTA GREEN
Basin Ecological Zone and adjacent upland plant GROUND BEETLE~ AND VALLEY
communities will help the recovery of this species ELDERBERRY LONGHORN BEETLE 1
by increasing habitat area and providing refuge
from flooding. The vision for the Lange’s metalmark, the delta 1

green ground beetle, and VELB is to assist in
WATERFOWL maintaining the existing Lange’s metalmark

population and by maintaining its abundance, and 1
Manyspeciesof resident and migratory waterfowl to assist in the recovery of the delta green ground 1
will benefit from improved aquatic, wetland,beetle and VELB by increasing their populations
riparian, and agricultural habitats. Increase use ofand abundance through habitat restoration.

!
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WESTERN YELLOW-BILLED CUCKOO the Riparian Habitat Joint Venture (a multiagency
~ cooperative effort), Ducks Unlimited’s Valley

There is no recent occurrence information for theCare program, the Nature Conservancy’s
yell0w-billed cuckoo in the Delta. However, the Cosumnes River and Jepson Prairie Preserves, the
cuckoo would become reestablished in the DeltaUSFWS’s Stone Lakes Refuge, the DFG’s Yolo
and will benefit from improvements in riparianBasin Wildlife Area, East Bay Park’s Big Break
habitat. Improvements will result from efforts toand Little Franks Tract recreation areas, and
protect, maintain, and restore riparian and riverineoutreach programs that compensate private
aquatic habitats throughout the Delta. landowners who improve wildlife management.of¯

their lands. The U.S. Army Corps of Engineer’s

INTEGRATION WITH OTHER program to mitigate for habitat losses from levee
protection in the Delta should coordinate closely

RESTORATION PROGRAMS with the restorationprogram.

Attaining the vision for the Delta will involve aMuch of the infrastructure to implement the
long-term commitment with short-term and long- vision for the Delta now exists. Existingprograms
term elements. Short-term elements includecould implement many of the restoration actions
features that can and need to be implemented asoutlined in this vision. In areas where cooperative
quickly as possible either because of a long-agency and stakeholder efforts do not now exist,
standing need or a pressing opportunity. Plansuch organizations can be developed to help
elements where need, priority, technical andimplement the program. Cooperative efforts
engineering feasibility, or cost effectiveness arewhere agencies have formed partnerships to
questionable would be long-terml However, evenrestore valuable aquatic, wetland, and riparian
long-term elements would in most cases benefit,habitat in the east Delta would be supported and
from short-term pilot studies that would addressused as a model for other similar efforts (e.g., the
need, feasibility, science, and cost effectiveness.Cosumnes River Preserve, with the Nature

Conservancy and Ducks Unlimited). Other
Changes in freshwater inflow patterns to the Deltaexamples include the establishment of wildlife
is a long-standing need; however, withoutrefuges at Stone Lakes and the Yolo Bypass, each
developed supplies, the prescribed spring flowswith multiple partners and commitments. The
may not be possible in all year types. In the short-California Department of Water Resources, DFG,
term, efforts would be made to provide the flows and the U.S. Fish and Wildlife Service (USFWS)
with available CVP water supplies in Shasta,own considerable properties in the Delta (e.g.,
Folsom, and New Melones Reservoirs using waterWest Sherman Island Wildlife Area), which with
prescribed by Valley Project support can or upgradedthe Central funding berestored tofit
Improvement Act (§3406 b2 water) and additional the vision. The Interagency Ecological Program
water purchased from willing sellers (CVPIA (IEP) is an established research and monitoring
§3406 b3 or CALFED purchased water). The unit that, with support, can accomplish the
effectiveness of water dedicated for such purposesexpanded evaluation and monitoring needs.
would be maximized through use of tools such as
water transfers. In the long term, additional ENDANGERED SPECIES RECOVERY PLAN
environmental water supplies may be needed to IMPLEMENTATION
meet all flow needs.

The ERPP will be an important, if not major,
Related programs in this ecological zone includecomponent in the successful implementation of
the CVPIA and Anadromous Fisheriesrecovery measures for species listed under either
Restoration Program, the SB 34 levee subventionthe State or Federal ESAs. For example, many of
progr~im, Central Valley Habitat Joint Venture, the .targets and programmatic actions listed later
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in this section are derived from existing recoveryacquiring fee-title or conservation easements and ¯
plan. Two plans of major importance include the. enhancing waterfowl habitat in wetlands and
Recovery Plan for the Sacramento/San Joaquinagricultural lands. Joint Venture objectives and
Delta Native Fishes (U.S. Fish and Wildlife targets have been adopted by the ERPP.
Service 1996) and the NMFS Proposed Recovery
Plan for the Sacramento River Winter-run SAN JOAQUINCOUNTYHABITAT ¯
Chinook Salmon (National Marine Fisheries CONSERVATION PLAN I
Service 1997).

¯ The San Joaquin County Habitat Conservation ¯
Because the ERPP addresses endangered speciesPlan is nearing completion and describes 1from a broader ecosystem perspective, manymechanisms for offsetting past and future impacts
restoration actions will benefit broad speciesassociated with land use changes. The habitat ¯
communities and the habitats upon which theyconservation plan outlines an approach for 1depend. These include actions to benefit aquaticacquiring lands using preservation criteria.
and terrestrial fish and wildlife species as well as
special plants and plant communities. DELTA WILDLIFE ~.ABITAT I~ROTECTION 1

I

CENTRAL VALLEY PROJECT                  AND RESTORATION PLAN

IMPROVEMENT
I

ACT While not a formal plan, this plan is used to guide 1California Department of Fish and Game (DFG),
Restoring and maintaining ecological processesUSFWS, and other agencies’ programs to wisely
and functions in the Delta Ecological Zone willuse and protect riparian and wetland habitats in 1
augment other important ongoing and futurethe Bay and Delta. Its goals are to protect and
restoration efforts for the zone. With the CVPIA improve habitat and inform the public of the
p̄rogram the Anadromous Fish Restorationmagnitude of problems that threaten wildlife and
Program of the USFWS’s (USFWS 1997)has a their habitat. It also provides mechanisms for
goal to double the natural production ofcooperation among local governments and State
anadromous fish in the system over the averageand federal agencies. 1
production during 1967 through 1991. CVPIA
authorized the dedication and management of

LINKAGE TO OTHER800,000 afofCVP yield annually for the purpose
1of implementing the fish, wildlife, and habitat ECOLOGICAL ZONES

restoration purposes and measures that include
water purchased for inflow to and outflow from Realizing the vision in this ecological zone 1
the Delta. depends in part on achieving the targets in the

Sacramento River, Eastside Delta Tributaries,
CENTRAL VALLEY I-IABITAT JOINT Yolo basin, and San Joaquin River Ecological ¯

VENTURE Zones. Achieving targets in the Suisun
Marsh/North San Francisco Bay Ecological Zone

The Central Valley Habitat Joint Venture is a      should be pursued in combination with the Delta!component of the USFWS’s North American to restore important rearing habitat, reduce the
Waterfowl Management Plan, with funding andintroduction of contaminants, and control the
cooperative project participation by federal, State, introduction of non-native aquatic species.
and private agencies. New funding sourcesMeeting the flow needs for the Sacramento, ¯
including CALFED restoration funds; are beingFeather, Yuba, American, Mokelumne River,
sought to implement the Joint Venture. The JointStanislaus, Tuolumne, and Merced Rivers is ~
Venture has adopted an implementation plan thatessential to the Delta freshwater inflow needs. 1
includes objectives include protecting wetlands byAquatic, riparian, and wetland corridors in the 1
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Yolo and Eastside Delta Tributaries EcologicalGENERAL TARGET: The general target is to more
Zones are also directly linked and integral to~ closely approach the natural (unimpaired)
habitat corridors in the Delta. seasonal Delta outflow pattern that:

One important ecological process that needs[] transports sediments,
further evaluation is sediment, The sediment
budget of the Delta is of particular interest and[] stimulates the estuary foodweb,

there is a need to quantify sediment input,[] provides for up and downstream fish passage,
sediment depositional patterns in the Delta; and
sediment

[] contributes to riparian vegetation succession,
output.

[] transports larval fish to the entrapment zone,

IMPLEMENTATION OBJECTIVES~ [] maintains the entrapment zone and natural

TARGETS~ AND PROGRAMMATIC salinity gradient, supports favorable striped

ACTIONS
bass spawning conditions, and

[] provides adequate attraction and migrating

Targets developed for the Sacramento-San flows for salmon, steelhead, American shad,

Joaquin Delta Ecological Zone can be classified white and green sturgeon, striped bass,

their in attainment of splittail, delta smelt, and longfin smelt.by reliability contributingto
the implementation objectives. The target
classification system used in the following sectionBesides seasonal peak flows, low and varying

is as follows: flows are also essential elements of the natural
Delta outflow pattern to which native plant and

Class Description animal species have adapted. Specific targets for
different flow pattern attributes may vary with the¯ Target for which additional research,
different storage and conveyance alternativesdemonstration, and evaluation is needed to

determine feasibility or ecosystem response, being considered in the CALFED Program.

¯ ~ ’ Target which will be implemented in stages TARGET 1: Provide a March outflow that occurs
with the appropriate~ monitoring to judge from the natural late-winter and early-spring peak
benefit and success, inflow from the Sacramento River. This outflow

should be at least 20,000 cfs for 10 days in dry
¯ ~ Target that has sufficient certainty of successyears, at least 30,000 cfs for 10 days in below-

to justify full implementation in accordance normal water years, and 40,000 cfs for 10 days in
with adaptive management, priority above-normal water Wet-year outflow isprogram years.
setting, and phased implementation, generally adequate under the present level of

development (~).
ECOLOGICAL PROCESSES

PROGRAMMATIC ACTION 1A: Prescribed
CENTRAL VALLEY outflows in March should be met by the

STREAMFLOWS cumulative flows of prescribed flows for the
Sacramento, Feather, Yuba, and American Rivers.
Assurances must be obtained (e.g., to limit DeltaIMPLEMENTATION OBJECTIVE: Restore basic
diversions) that these prescribed flows will be¯ hydraulic conditions to reactivate and maintain

ecological processes that create and sustainallowed to contribute to Delta outflow. A portion

habitat required for healthy fish, wildlife, andof the inflow would be from base (minimum)
flows from the east Delta tributaries and the Sanplantpopulations.
Joaquin River and its tributaries.
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TARGET 2: Provide a late-April to early May TARGET 4: Provide a minimum flow of 13,000
outflow that emulates the spring inflow from the: cfs on the Sacramento River below Sacramento in
San Joaquin Rive~’. The outflow should be at leastMay of all but critical years (U.S. Fish and l
20,000 cfs for 10 days in dry years, 30,000 cfs in Wildlife Service 1995) (.).
below normal years, and 40,000 cfs in above
normal years. These flows would be achievedPROGRAMMATIC ACTION 4A: Supplement flows ¯
through base flows from the Sacramento Riverin May of all but critical years as needed from
and flow events from the Mokelumne, Calaveras,Shasta, Oroville, and Folsom Reservoirs to
Stanislaus, Tuolumne, and Merced Rivers (,)..maintain an inflow of 13,000 cfs to the Delta.

PROGRAMMATIC ACTION 2A: Prescribed RATIONALE: Changing the seasonal pattern of
outflows in late April and early May should befreshwater flows into and through the Delta will
metbythe cumulative prescribed flows from the help restore the Delta’s ecosystem processes and ¯
Stanislaus, Tuolumne, and Merced Rivers (seefunctions. This ecosystem restoration is
East San Joaquin Basin Ecological Zone), andfundamental to the health of aquatic, wetland, and
Mokelumne and Calaveras Rivers (see Eastsideriparian resources, l
Delta Tributaries Ecological Zone). It will be
necessary to obtain .assurances that theseProviding Delta ouOqow at the prescribed level in
prescribed flows be allowed to contribute to Delta dry and normal years in March will provide the l
outflow. The flow event would be made up of: following benefits:

¯ base flows from the Sacramento River, ¯ improve survival of juvenile chinook salmon l
¯ Sacramento River tril~utaries, rearing in andpassing downstream through

the Delta,
¯ the Cosumnes River,

¯ Mokelumne, Calaveras, and San Joaquin ¯ provide attraction flows to adult winter and
spring run chinook salmon, steelhead, stripedtributary pulsed flows prescribed under the
bass, white and green sturgeon, splittail, andMay 1995 Water Quality Control Plan, and American shad migrating upstream through 1

¯ supplemental flows, the Delta to spawning grounds in the
Sacramento River and its tributaries,

TARGET 3: Provide a fall or early winter outflow ¯
that approximates the first "winter" rain through̄ provide attraction flows for long77n and delta
the Delta (4~). smelt moving upstream within the Delta to

in the Delta, 1spawn
PROGRAMMATIC ACTION 3A: Allow the first
"significant" fall/winter natural flow into thē provide downstream passage flows for
Delta (most likely either from rainfall or from steelhead, splittail, longfin smelt, and delta
unimpaired flbws from .tributaries and lower smelt to move through the Delta to the San
watersheds below storage reservoirs or from flows Francisco Bay,
recommended by DFG and the Anadromous Fish IRestoration Program [AFRP]) to pass through the¯ help maintain lower water temperatures
Delta to the San Francisco Bay by limiting water further into the spring to benefit adult and
diversions for up to 10 days. (No supplementary juvenile salmon, steelhead, longfin smelt, ¯
release of stored water from reservoirs would be delta smelt, and splittail,
required above that required to meet flows
prescribed by DFG and AFRP.) ¯ stimulate the foodweb in the Delta and Bay,
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¯ reducepotentialeffectsoftoxinsreleasedinto fromtheSacramentoRiveraboveSacramentointo
Delta waters, the Delta. This flow will also benefit remaining

. downstream migrating juvenile chinook salmon
¯ promote growth of riparian vegetation along and steelheadfrom the Sacramento River and its

Delta waterways, and tributaries, as well as upstream migrating winter-
¯ reduce loss of eggs, larvae, andjuvenilefish and spring-run chinook salmon and American

into south Delta water diversions, shad. Supplemental average monthly storage
releases of up to 2,500 cfs for 30 days (150,000

Supplementing an existing prescription .for late total acre-feet) may be necessary in dry years to
April-early May pulse flow through the Delta meet this requirement. In normal and wet years,
from the San doaquin River will assist juvenile flows would generally exceed 13,000 cfs.
San Joaquin chinook salmon and steelhead Implementation of this action requires the
moving through the Delta to the Bay. The added development and application of an adaptive
flow will also help transport Delta and San management program that includes development
Joaquin plankton and nutrients that have built up of testable hypothesis and implementation of a

the to the western Delta and Suisun to collect and analyze theduring spring monitoringprogram
Bay where they will stimulate the spring foodweb data to evaluate the hypothesis.
on which many of the important fish species living
in the Delta depend In addition, this flow will Providing for larger flows during the seasons with
provide many of the same benefits described when those flows occurred historically,’
above far the March flow event. The flow event particularly in normal or dry years, will help
would be provided by supplementing the restore important ecological processes and
prescribed pulse flow in the 1995 Water Quality functions that create and maintain habitat in the
Control Plan with additional waters purchased Delta. Delta channel maintenance, sediment and
from willing sellers on the Mokelumne, nutrient transport, and introduction of plant
Stanislaus, Tuolumne, and Merced Rivers. debris are some examples of processes improved

by flow events. Spring flow events in dry and
Restoring the natural first "fall" flow through the normal years will help sustain riparian and
Delta will provide the following benefits: wetland vegetation.

¯ support spring-run and other chinook salmon, NATURAL SEDIMENT SUPPLY
steelhead, and American shad juveniles
migrating from the mainstem rivers and IMPLEMENTATION    OBJECTIVE:    Provide
tributaries in passing through the Delta to th~ sufficient quantities of sediments to reactivate and
Bay, maintain ecological processes that create and

sustain habitat required for healthy fish, wildlife,
¯ provide attraction flows for adult fall-run and and plant populations.

late-fall chinook salmon, splittail, longfinrun
smelt, delta smelt, and steelhead migrating; TARGET 1: Maintain sediment supply to the.Delta
upstream into or through the Delta; and from upstream areas at levels needed to maintain

¯ reduce losses of migrating juvenile fish in presentexistinghabitatsandtocontributeto and

future efforts to reverse subsidence on Deltasouth Delta pumping plants,
islands.

Maintaining in May a minimum inflow of
13,000 cfs from the Sacramento River will help PROGRAMMATIC ACTION 1A: Develop a

maintain survival and transport of striped bass
c~operative investigation to determine the
existingsedimentbudgetin theDeltabasedeggs and larvae, and white and green sturgeon on
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sediment input, use within the Delta, and sedimentEcological Units by putting approximately 10% of []
output, leveed lands into the active floodplain of the Delta

RATIONALE: Natural sediments of streams, rivers, l
and estuaries consist of mineral and organic silts, PROGRAMMATIC ACTION 1A: Convert leveed
sands, gravel, cobble, and woody debris. These lands to tidal wetland/sl0ugh complexes in the
materials naturally enter, deposit, erode, and are North Delta Ecological Unit. Permanently convert 1transported through the Bay-Delta and its island tracts (Little Holland, Liberty, and
watershed. Sediment, like~ water, is one of the Prospect) at the south end of the Yolo Bypass to
natural building blocks of the ecosystem. Many tidal wetland/slough complexes. Convert small 1
other ecological processes and functions, and tracts along Snodgrass Slough~ to tidal
habitats and species require specific types and wetland/slough complexes. Construct setb~ack
amounts of sediment and the habitats sediments levees along Minor, Steamboat, Oxford, and Elk 1
create. Sloughs. 1

Finer sediments are important in the natural PROGRAMMATIC ACTION 1B: In the East Delta 1
development of riparian and wetland habitats. Ecological Unit, construct setback levees along
Major factors that influence the sediment supply the South Mokelumne River and connecting dead-
in the Bay-Delta and its watersheds include many end sloughs (Beaver, Hog, and Sycamore). l
human activities such as dams, levees, and other
structures, dredging, and gravel and sand mining. PROGRAMMATIC ACTION 1C: Convert deeper

subsided (sunken) lands between dead-end []
River-transported sediments are an essential sloughs in the East Delta Ecological Unit east of []
component of the physical structure and nutrient the South Mokelumne River channel either to
base of the Bay-Delta ecosystem and its riverine overflow basins and nontidal wetlands or to land ¯
and tidal arteries. The size, volume, and seasonal designated for agricultural use. 1
timing of sediments entering the riverine and
estuarine systems should be compatible with both PROGRAMMATIC ACTION 1O: Remov~e levees that
natural and altered flow regimes.~ Sediment hinder tidal and floodflows in the headwater
transport should match channel and floodplain basins of east Delta dead-end sloughs (Beaver,
characteristics of individual rivers, streams, and Hog, and Sycamore) and allow these lands to be
tidal sloughs..4 specific sediment managementsubject to flood overflow and tidal action, l
objective is to redistribute sediment in the I

watersheds and valley components of the PROGRAMMATIC ACTION 1E: Construct setback
ecosystem. An appropriate level, rate, and size of levees in the South Delta Ecological Unit along l
sediment shouldbe redistributed to match specific the San Joaquin River between Mossdale and
habitat requirements and ecological functions. Stockton.

NATURAL FLOODPLAIN AND FLOOD PROGRAMMATIC ACTION 1F: Convert adjacent l
PROCESSES lands along the San Joaquin River between

Mossdale and Stockton either to overflow basins []
IMPLEMENTATION OBJECTIVE’- Modify channel and nontidal wetlands or to land designated for []
and basin configurations to improve floodplainagricultural use.

function along rivers and streams in the
Sacramento-San Joaquin basin. PROGRAMMATIC ACTION 1G: Construct setback

levees on comers of Delta islands along the San

TARGET 1: Expand the floodplain area in theJoaquin River channel in the Central and West []

North, East, South, and Central and West DeltaDelta Ecological Unit. Open leveed lands to tidal I
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action where possible along the margins of theMaintaining maximum daily water temperatures
West Delta Ecological Unit. ~ in the channels and sloughs of the Sacramento-

San Joaquin Delta Ecological Zone of less than
RaTtONAI, I~: Subjecting approximately 10% of 66 °F in the fall will ensure healthy conditions for
existing Delta leveed lands to tidal action and upstream migrating adult chinook salmon and
floodflows will greatly enhance the floodwater early emigrating juveniles. Improved riparian
and sediment retention capacity of the Delta. The . habitat along Delta channels and the spring flow
tracts at the south end of the Yolo Bypass, along events should maintain cooler spring
the South Mokelumne River, and along the San temperatures in dry and normal years. Improved
Joaquin River channel are logical choices for this riparian and SPA habitat will help to maintain
because they have limited levee systems and are lower Delta water temperatures from spring
already at high flood risk. These lands have had through fall.
limited subsidence (settling) and offer good
opportunities for restoring tidal wetland/slough DELTA CHANNEL HYDRAULICS
complexes.

IMPLEMENTATION OBJECTIVE: Establish and
The other significant area for. setbacks is along maintain a hydraulic regime in the Bay-Delta to
the main channel of .the San doaquin provide migratory cues, create and maintain
River. "Cutting comers" on some islands where habitat, and facilitate distributionspecies and
the levee length to land area maintained is now transport.
high would reduce levee construction and
maintenance. TARGET 1: Reestablish more natural internal

Delta water flows in channels (~).
CENTRAL VALLEY STREAM

TEMPERATURES PROGRAMMATIC ACTION 1A: Reduce velocities
in selected Delta channels by increasing cross-

IMPLEMENTATION OBJECTIVE: Maintain, sectional areas of channel via setback levees or by
improve, and restore water temperature regimesconstricting flows into and out of the channels.
(conditions) to meet life cycle needs of aquatic
organisms. PROGRAMMATIC ACTION 1B: Restrict tidal flow

and cross-Delta transfer of water to south Delta
TARGET 1: More frequently maintain daily water pumping plants to selected channels to lessen flow
temperatures in the Delta channels below 60°F inthrough other channels.
spring and 65°F fall to meet the temperature
needs of salmon and steelhead migrating throughPROGRAMMATIC ACTION 1C: Manage the
or rearing in the Delta (~).. operation of existing physical barriers so that

resulting hydraulics upstream and downstream of
PROGRAMMATIC ACTION 1A: Improve riparian the barrier are more like levels in the mid-1960s.
(bankside) woodland habitats along migrating
channels and sloughs of the Delta. PROGRAMMATIC ACTION 1O: Close the DCC

opportunities allow, as specified 1995when in the
PROGRAMMATIC ACTION 1B: Improve SPA Water Quality Control Plan and recommended by
habitat along migration routes in Delta. USFWS (U.S. Fish and Wildlife Service 1995), in

the period from November through whenJanuary
RATIONALE: Maintaining watertemperatures of appropriate conditions trigger closure (i.e,,
less than 60 °F in the spring and 65 °F in the fall internal Delta exports are occurring).
can improve survival of juvenile chinook salmon
rearing in or migrating through the Delta.
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TARGET 2: Restore hydrodynamic conditions inPROGRAMMATIC ACTION 4B: Reduce flow
the rivers and sloughs of the Delta sufficient toconstrictions in the Yolo Bypass such as those in
support targets for the restoration of aquaticthe openings in the railway causeway that
resources (~/). parallels Interstate 80.

PROGRAMMATIC ACTION 2A: Restore 3,000 to RATIONALE: Internal Delta hydraulics have been
4,000 acres of tidal perennial aquatic habitat andhighly modified since the early 1950s. Adverse
20,000 to 25,000 acres of tidally influencedhydraulic action has created poor conditions for
freshwater marsh. (Note: These recommendations sustaining spawning, rearing, ¯ and foodweb
are contained within programmatic actions production in the D~lta and for the transport of
presented in this vision for tidal perennial aquatic larval fish such as delta smelt and striped bass;
habitat and fresh emergent wetland (tidal) and (U.S. Fish and Wildlife Service 1994 Delta Smelt
are not additions to acreages presented in the Biological Opinion; U.S. Fish and Wildlife
targets and programmatic actions for habitat.) Service 1995 Delta Smelt Opinion on the 1995

Water Quality Control Plan; U.S. Fish and
TARGET 3: Maintain net downstream flows in the Wildlife Service 1995; Independent Scientific
mainstem San Joaquin River from Vernalis toGroup 1996).
immediately west of Stockton from September
through November to help sustain dissolvedRestoring hydraulic conditions within the Delta
oxygen levels and water temperatures adequateby modifying physical barriers in the Delta will
for upstream migrating adult fall-run chinooksupport natural transport functions, reduce
salmon (~,~). entrainment (in diversions) into parts of the Delta

where survival is low, and assist in transporting
PROGRAMMATIC ACTION 3A: Operate a barrier at juvenile fish into and through the Delta to highly
.the head of Old River from August throughproductive nursery areas in the western Delta and
November. Suisun Bay. Modifying DCC operation will

restore historical hydraulic conditions in lower
TARGET 4: Restore 50 to 100 miles of tidal Mokelumne channels ofthe north Delta (~.S. Fish
channelsin thesouthernYoloBypass within the and Wildlife Service 1994 Delta Smelt Biological
north Delta, while maintaining or improving theOpinion; U.S. Fish and Wildlife Service 1995
flood carrying capacity of the Yolo Bypass (~). Delta Smelt Opinion on the 1995 Water Quality
(’Note: This target is in addition to targets and Control Plan; U.S. Fish and Wildlife Service
programmatic actions presented in the Delta 1995). Internal Delta hydraulics can be improved
Slough habitatsection.) through several operational or structural

approaches. These actions .can be further
PROGRAMMATIC ACTION 4A: Construct a improved and analyzed after the preferred
network of channels within the Yolo Bypass toalternative for conveyance is identified. The
connect the Putah and Cache Creek sinks, andremoval of structural barriers that alter internal
potentially the Colusa drain, to the Delta. TheseDelta hydraulic patterns may be possible,
channels should effectively drain all flooded land~depending on which alternative is selected.
in the bypass after floodflows stop entering the
bypass from the Fremont and Sacramento weirs.Maintaining adequate flows past Stockton will
The channels would maintain a base flow throughimprove e~isting harmful conditions of low
the spring to allow juvenile anadromous anddissolved oxygen and high water temperatures
resident fish to move from rearing and migratorythat can hinder the upstream movement of adult
areas. San Joaquin fall-run chinook salmon. In addition,

improved flows past Stockton will reduce straying
of adult salmon into Central and South Delta
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I channels (California Department of Fish and PROGRAMMATIC ACTION 1A: Actions described
Game 1972). above to restore streamflow, floodplain flooding,

i . Delta hydraulics, tidal wetlands and sloughs, and
Improving the channel network in the Yolo Bypass riparian habitat would increase primary and
will improve the migration pathway for salmon secondary productivity in the Delta. Relocating

I produced in Putah and Cache Creeks, as well as the intake, of the South Delta pumping plants to
for upper Sacramento River salmon using the the North Delta would a!so increase Delta
Yolo Bypass as a pathway to the Delta. A well- productivity.

i drained system with permanent sloughs will keep ~
~ i juvenile salmonfrombeingstrandedinthebypass RArtONaLF,: Increasing the area of tidal

when flows stop. Permanent sloughs will provide wetland/slough habitat and the residence time of
valuable juvenile salmon rearing habitat in late Delta waters will increase primary and secondary

.~ winter and early spring, productivity. More flooding of floodplains will
provide more nutrients and organic carbon inputs

Improving habitats along riparian corridors in to Delta waters. Relocating the intakes of the

I the Yolo Bypass willprovide additional spawning South Delta pumping plants will increase the
and rearing habitat for splittail and rearing and residence time of Central and South Delta waters
migration habitatforjuvenilechinooksalmonand and allow more of the highly productive San

I perhaps for delta smelt and other native resident 3"oaquin waters to be retained in the Delta.
fishes. Conditions will also improve for wildlife
and waterfowl. I-IABITATS

Restoring connections among Delta channels, GENERAL RATIONALE
freshwater marsh, and seasonal wetland habitats

I will enhance habitat conditions for special-status Restoring wetland and riparian habitats along
species such as the splittail. Restoring this habitat with tidal perennial aquatic habitats is an
connectivity in a large-scale mosaic in the North essential element of the r~Jtoration strategy for

i Delta will help restore the ecosystem processes the Sacramento-San doaquin Delta Ecological
and functions fundamental to supporting the Zone. The general approach for habitat
f̄oodweb and will improveconditionsfor rearing restoration is to mimic to the extent feasible a

i chinook salmon, steelhead, sturgeon, juvenile well-connected mosaic of aquatic and riparian
delta smelt, striped bass, and splittail (Fahrig and habitats. In some areas, these habitat should be a
Merriam 1985). conti~uous as possible avoiding small habitat

I patches in favor of larger. Habitat corridors in
BAY-DELTA AQUATIC FOODWEB the Delta shouM be emphasized that interconnect

with habitat corridors on the main stem

I IMPLEMENTATION OBJECTIVE: Maintain, Sacramento and San doaquin rivers as well as the
improve, or restore the amount of basic nutrientseastside tributaries such as the Mokelumne River.
available to estuarine and riverine systems to

¯ provide a sustainable level of foodweb The extent and distribution of the land-water
I interface (contact) between aquatic habitats andproductivity.

interconnected wetland and riparian habitats
TARGET 1: Increase primary and secondaryhave been altered since the mid-1850s by Delta

I
nutrient productivity in the Delta to levelsreclam~ttion. Since 1906, the amount of land-
historically observed in the 1960s and early 1970swater interface has been reduced 32% in the East
(’)" ’ Delta Ecological Unit, 25% in the South Delta

I Ecological Unit, and 45% in the Central and West
Delta Ecological Unit.
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Increasing the ratio of land-water interface and Ecological Unit; 2,000 acres of shallow-water
increasing the shoreline perimeter will help habitat in the South Delta Ecological Unit; and
restore a complex habitat mosaic on a large scale 2,500 acres of shallow-water habitat in the Central
in the Delta. This will support essential ecosystem and West Delta Ecological Unit (~).
processes and functions. These measures are also
fundamental to supporting the foodweb and . PROGRAMMATIC ACTION 1A: Restore 500 acres
improvingconditions forrearingchinook salmon, of shallow-water habitat at Prospect Island in the
steelhead, sturgeon, delta smelt, striped bass, and North Delta Ecological Unit.
splittail. Foodweb support functions for wildlife
will also benefit (Cummins 1974; Clark 1992). PROGRAMMATIC ACTION 1B: Restore 1,000 acres

of shallow-water habitat in the downstream
Restoring high-quality freshwater marsh and (south) end of the Yolo Bypass (Little Holland
brackish water marsh, both seasonal and and Liberty islands) within the North Delta
permanent, will increase the production and Ecological Unit.
availability, of natural forage for waterfowl and
other wildlife. This restoration will also increase PROGRAMMATIC ACTION 1C: Restore 1,000 acres
the overwinter survival rates of wildlife that of shallow-water habitat at the eastern edge of the
winter in this ecological zone and will strengthen East Delta Ecological Unit where existing land
them for migration, thus improving their breeding elevations range from 5 to 9 feet below mean sea
success. Expanding these habitats will also reduce level.
the amount and concentrations of contaminants
that could, upon entering the Delta’s sloughs, PROGRAMMATICACTION1D: Restore2,000 acres
damage the health of the aquatic resources, of shallow-water habitat at the south and eastern

edge of the South Delta Ecological Unit where
T̄he restoration of all habitats will be within the existing land elevations range from 5 to 9 feet
structure of adiaptive management. The program below mean sea level.
will move forward in a step-wise progression.
Each element will be designed with a testable PROGRAMMATIC ACTION1E: Restore2,500 acres
hypothesisand a monitoring program to collect of shallow-water habitat in the Central and West
the scientific data needed to evaluate the Delta Ecological Unit where existing land
hypothesis will be in place. Implementation will elevations range from 5 to 9 feet below mean sea
begin on a small scale and depending on the level. A program of fill placement or longer-term
monitoring results will either continue or be subsidence reversal may be needed to accomplish
modified based on results of completed projects, this action.

TIDAL PERENNIAL AQUATIC HABITAT TARGET 2: Restore 500 acres of shoals in the
westernmost portion of the Central and West

IMPLEMENTATION OBJECTIVE: Increase the area Delta (~).
of shallow-water and intertidal mudflat habitat to
improve conditions that support increased primaryPROGRAMMATIC ACTION 2A: Implement a
and secondary productivity; provide rearing andsediment management program that results in
foraging habitat, and escape cover for fish; anddePOsition ~and accretion within portions of
provide foraging and resting habitat, and escapeCentral and West Delta channels and bays,
cover f or water birds, forming 500 acres of shallow shoal habitat

restored to tidal influence.
TARGET 1: Restore 1,500 acres of shallow-water
habitat in the North Delta Ecological Unit; 1,000 RATIONAI~E." Restoring, improving, and protecting
acres of shallow-water habitat in the East Deltahigh-quality shallow-water habitat will provide
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I greater foraging areas for rearing juvenile fish Delta Ecological Unit such as on Twitchell or
and waterfowl in this ecological zone. These , Sherman islands.I areas typically provide high primary and ,
secondary productivity and support nutrient PROGRAMMATIC ACTION 1B: Develop 200 acres
cycling that sustains good forage. These areas of open-water areas within restored fresh

i also provide good forage for waterfowl that use emergent wetland habitats in the East Delta
¯ underwater vegetation growing in the shoals and Ecological Unit.

for diving ducks such as canvasback and scaup

I that eat clams (Fris and DeHaven 1993; Brittain PROGRAMMATIC ACTION 1C: Develop 200 acres
: et al. 1993; Stuber 1984; Shloss 1991; Sweetnam of open-water areas within restored fresh

andStevens 1993; San Francisco Estuary Project emergent wetland habitats in the South Delta
1992a; U.S. Fish and Wildlife Service 1996; Ecological Unit.

I Lindberg and Marzuola 1993).
TARGET 2: Develop 1,500 to 2,000 acres of

Restoring, improving, and protecting high-quality shallow, open-water areas (less than 4 to 6 feet
shallow shoal habitat will provide foraging deep) in restored fresh emergent wetland habitat
habitat for rearing juvenile fish. These areas areas in the Delta to provide resting, foraging, and

. typically provide high primary and secondary brood habitat for water birds and habitat for fishI productivity and nutrient cycling that and aquatic plants and animalssupport semi-aquatic
sustains good forage. These areas also provide (~,).
good forage for shorebirds that feed on
invertebrates, waterfowl that use underwater’ PROGRAMMATIC ACTION 2A: Develop 500 acres
vegetation growing in the shoals, and diving of shallow, open-water areas within restored fresh
ducks such as canvasback and scaup that eat’ emergent wetland habitats in the Central and West

¯ ~ clams (Fris and DeHaven 1993; Brittain et al. Delta Ecological Unit such as on Twitchell or
1993; Stuber 1984). Sherman Islands.

NONTIDAL PERENNIAL AQUATIC HABITAT PROGRAMMATIC ACTION 2B: Develop 300 acres
of shallow, open-water areas within restored fresh

IMPLEMENTATION OBJECTIVE: Increase its emergent wetland habitats in the East Delta

I amount in the Delta to provide improved foragingEcological Unit.
and resting habitat for water birds, particularly
diving ducks, and help to restore and maintain thePROGRAMMAT-IC ACTION 2C: Develop 300 acres
ecological health of the terrestrial and aquaticof shallow, open-water areas within restored fresh
resources in and dependent on the Delta. emergent wetland habitats in the South Delta

Ecological Unit.

i : TARGET 1: Develop 500 acres of deep open-water
areas (more than 4 to 6 feet deep) within restoredPROGRAMMATIC ACTION 2D: Develop 1,000
fresh emergent wetlands in the Delta to provideacres of shallow, open-water areas within restored
resting habitat for water birds, foraging habitat forfresh emergent wetland habitats in the North Delta

I diving ducks and other water and semi-birds EcologicalUnit.
aquatic mammals that feed in deep water, and
habitat for associated resident pond fish speciesRATIONALE." Restoring suitable resting areas for

waterfowl and other wetland-dependent wildlife(.).
such as river otter will increase their over-winter

PROGRAMMATIC ACTION 1A: Develop 100 acres survival rate. Other water-associated wildlife will

I of areas within restored fresh also benefit (Madrone and Associates 1980).open-water
emergent wetland habitats in the West and Central

i ~ ~
Ecosystem ProgramVolume11: Restoration Plan

~ BAY-DELTA Sacramento-San doaquin ’Delta Ecological Zone Vision
~ vrtOC, r~ Draft: March 1998

47

,|

C--006669
(3-006669



Restoring suitable resting areas for waterfowl and PROGRAMMATIC ACTION 1B: Restore tidal action
other wetland-dependent wildlife such as river to portions of islands and tracts in the North and
otter will increase their over-winter survival East Delta EcOlogical Units with appropriate
rates. Other water-associated wildlife will also elevation, topography, and water-landform
benefit (Madrone and Associates 1980). conditions. This will sustain tidally influenced

freshwater marshes with 20 to 30 linear miles of
Implementation of actions designed to increase or narrow, serpentine-shaped sloughs within the
improve acreages of nontidal perennial aquatic wetlands and floodplain.
habitats need to develop or integrate subsidence
reversal and sediment accretion. These will assist RATIONALE: Restoring, improving, and protecting
in raising bottom elevations to levels that can sloughs in the ecological units of the Sacramento-
support rooted submergent andemergent San Joaquin Delta Ecological Zone will help
vegetation, sustain high-quality shallow-water habitat for

spawning of native fish and for foraging of
DELTA SLOUGHS juvenile fish. Restoring small dead-end sloughs

and tidally influenced freshwater marshes and
IMPLEMENTATION OBJECTIVE-" Protect and mudflats in the Sacramento-San Joaquin Delta
improve existing tidal slough habitat and restoreEcological Zone willprovide habitat for spawning
a portion of the historical Delta sloughof native fish and for foraging of juvenile fish,
distribution. Sloughs will be restored withinincrease production of primary and secondary
tidally influenced freshwater emergent wetlands,food species, and support nutrient cycling that
mudflats, and seasonal floodplains, sustains quality forage. These sloughs can also

provide loafing sites for waterfowl and habitat for
TARGET 1: Restore ecological structure andthe western pond turtle (Simenstad et al. 1992 and

¯ functions of the Delta waterways network by1993; Lindberg and Marzuola 1993; Madrone
increasing the land-water interface ratio aand Associates1980).
minimum of 50% to 75% compared to 1906 --
conditions and by restoring t00 to 150 miles ofLand-water interface targets represent a
small distributary sloughs (less than 50 to 75 feetreasonable level necessary to restore Bay-Delta
wide) hydrologically connected to larger Deltaecosystem functions and overall health by
channels (~). (Note: This target is in addition to increasing water-to-perimeter shoreline ratios
the Delta slough target presented in the target and patterns to those of the early 1900s. Delta
section for Delta Channel Hydraulics.) slough habitat will be restored as a mosaic of

habitats including slough, tidal perennial, and
PROGRAMMATIC ACTION 1A: To. replace lost tidal emergent habitats.
slough habitat and provide high-quality habitat
areas for fish and associated wildlife, the short- MIDCHANNEL ISLANDS AND SHOALS
term solution for the Central and West Delta
Ecological Unit is to restore 20 miles of sloughIMPLEMENTATION OBJECTIVE-" Protect and
habitat. The long-term solution is to restoreenhance existing remnant channel islands in .the
50 miles of slough habitat. In both the North DeltaDelta. Prioritize island restoration starting with
and East Delta Ecological Units, the short-termthose that have greatest chance to be maintained
solution is to restore 10 miles of slough habitat,by restored streamflow patterns, hydraulic
The long-term solution is to restore 30 miles ofconditions, sediment transport, and other restored
slough habitat. In the South Delta Ecological Unit,ecosystem processes.
the short-term solution is to restore 25 miles of
slough habitat and the long-term solution is toTARGET 1: Maintain existing channel islands and
restore 50 miles of slough habitat, restore 50 to 200 acres of high-value islands in
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selected sloughs and channels in each of the FRESH EMERGENT WETLAND
Delta’s ecological units (~). HABITAT (TIDAL)

PROGRAMMATIC ACTION 1A: Actively protect IMPLEMENTATION OBJECTIVE: Protect and
and improve existing channel islands in the Delta.enhance existing wetlands by restoring tidally

influenced freshwater emergent wetland in the
PROGRAMMATIC ACTION 1B: Restore 50 to Delta. This will:
200 acres of channel islands in the Delta where
channel islands once existed. [] provide high-quality habitat for waterfowl,

shorebirds, and other associated wildlife;
RATIONALE: Many of the remnant channel or
"berm" islands in the Delta have been lost to [] provide rearing, foraging, and escape cover
continuing erosion and degradation. Restoring, for fish; and
improving, and protecting the riverine-edge
habitat of these islands willprovidehabitatfor [] expand the populations and ranges of
juvenile salmon rearing in this ecological zone. associated special-status, federally listed, and
Terrestrial vertebrates that will receive indirect State-listed plant and animal species.
benefits include the western pond turtle and

This will help to restore and maintain theshorebirds and wading birds(Fris and DeHaven
1993; Mahoney and Ermin 1984; Knight and ecologica! health of the aquatic resources in and
Bottorf1983; Knox 1984; Novick and Hein 1982; dependent on the Delta.
Moore and Gregory 1988; May and Levin 1991;
Levin etaL 1995). TARGET 1: Increase existing tidal freshwater

marsh habitat in the Delta by restoring 30,000 to
Restoring, improving, and protecting high-quality 45,000 acres of lands designated for floodplain
shallow habitat will provide forage for rearing restoration (~).
juvenile fish. These habitats typically provide high
levels of primary (piano and secondary (animal) PROGRAMMATIC ACTION 1A: Develop tidal
productivity and support nutrient cycling" freshwater marshes on Prospect, Little Holland,
functions that can sustain quality forage. These and Liberty Islands in the North Delta Ecological
habitats also provide high-quality forage habitat Unit.
for waterfowl who use submergent vegetation
growing in the shoals and diving ducks such as PROGRAMMATIC ACTION 1B: Develop tidal
canvasback and scaup that eat clams (Fris and freshwater marshes on small tracts of converted
DeHaven 1993; Brittain et aL 1993; Stuber 1984). leveed lands along Snodgrass Slough.

Restoring high-quality brackish tidal marshes on PROGRAMMATIC ACTION 1C: Develop tidal
freshwater marshes along the upper ends of dead-andadjacentto theseislandswill contributeto

cycling nutrients, maintaining thefoodweb, and end sloughs in the east Delta.
increasing production of primary and secondary
food species in a geographic location already PROGRAMMATIC ACTION Developtidal
noted for its value as a rearing habitat for freshwater marshes along all setback levees and
estuarine fish. Several plant species of special levees with restored riparian habitat.
concern such as the Suisun aster will benefit from
increasing the area of brackish tidal marsh in the PROGRAMMATIC ACTION 1E: Develop tidal
Delta (Landin and Newling 1988; Dionne et al. freshwater marshes on restored channel island
1994; Lindberg and Marzuola 1993). habitat. (Note: Any tidal freshwater marsh habitat
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developed is included in Target l for this habitat FRESH EMERGENT WETLAND
type.) HABITAT (NONTIDAL)

RATIONALE: Restoring tidally influenced IMPLEMENTATION OBJECTIVE: Restore nontidal
freshwater marshes in the Sacramento-San fresh emergent wetland in the Delta to provide
doaquin Delta Ecological Zone will increase high-quality habitat for special-status plants and
production ofprimaryandsecondaryfoodspecies animals, waterfowl, shorebirds, and other
and support nutrient cycling functions that can associated wildlife. This will help to restore and
sustain quality forage conditions for fish, maintain the ecological health of the aquatic
waterfowl, shorebirds, and wildlife (Lindberg and resources in and dependent on the Delta.
Marzuola 1993; Miller 1993; Simenstad et al.
1992 and1993). Increasing.the area of freshwater TARGET 1: Restore a total of 3,000 acres of
tidal marshes in each of the four Delta ecological nontidal freshwater marshes in the North and the
units will help support the proper aquatic habitat East Delta Ecological Units; restore 4,000 acres of
for rearing and outmigrating juvenile chinook nontidal fresh emergent wetland in the South
salmon, steelhead, and sturgeon and for rearing Delta Ecological Unit as part of a subsidence
delta smelt, striped bass, andsplittail. Restoring control program; and restore 10,000 acres of
high-quality freshwater marshes, both tidal and nontidal fresh emergent wetland in the Central
nontidal, will contribute to nutrient cycling, and West Delta Ecological Unit as part of a
maintaining the foodweb, and increased subsidence control program (..).
production of primary and secondary food
species. In addition, increasing the area of PROGRAMMATICACTION1A:Restore 1,’000acres
freshwater marsh will contribute to an ecosystem of nontidal freshwater marshes on Twitchell
that can accommodate sea level rise. This can Island.
only be effective, however, if upland migration
corridors are available for the marshes to expand PROGRAMMATIC ACTION 1B: Restore 1,000 acres
as sea level rises, of nontidal freshwater marshes in the Yolo

Bypass.
The targets selected take into account the large
losses of tidal freshwater marshes since the early PROGRAMMATIC ACTION 1C: Restore 1,000 acres
1900s. The Sacramento-San Joaquin Delta of nontidal freshwater marshes in leveed lands
Ecological Zone lost nearly 90, 000 acres, with the designated for floodplain overflow adjacent to the
greatest losses in the North Delta and Central and dead-end sloughs in the East Delta Ecological
West Delta Ecological Units. Acreage changes in Unit.
the South Delta were insignificant during that
period because most losses these occurred before PROGRAMMATIC ACTION 1D: Restore 4,000 acres
1900. Restoration targets are to restore between ofnontidal freshwater marshes in the South Delta
30°/6 and 50°/6 of the losses since 1900. The level in lands designated for floodplain overflow.
of restoration was increased in the South Delta . .
because of the prior losses documented by Landin PROGRAMMATIC ACTION 1E: Restore 10,000
and Newling (1988). There was a substantial loss acres of nontidal freshwater marshes on Delta
of fresh emergent wetlands in the South Delta Islands of the Central and West Delta Ecological
Ecological Unit prior to the 1900s and a Unit. (Note: Up to 75% of this acreage may be
significant amount of wetlands could be restored restored to tidal actions after the appropriate
in this unit depending on which alternative is land elevations are achieved through island
selected accretion. Upon restoring tidal action, targets for

the Central and West Delta Ecological Unit would
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be adjustedto avoidthe needto restore additional TARGET 1: Restore and manage at least 4,000
non-tidal wetland above 2, 500 acres.) acres of additional seasonal wetland habitat and

improve management of 1,000 acres of existing,
RA~’IONALE: The restoration of high-quali~F degraded seasonal wetland habitat in the North
nontidal freshwater marshes will contribute to Delta Ecological Unit (,~).
nutrient cycling, maintaining the foodweb, and
supporting enhanced levels of primary and PROGRAMMATIC ACTION 1A: Improve
secondary food production. Increasing the areal management of 1,000 acres of existing, degraded
extent of nontidal freshwater marsh in the Delta, seasonal wetland habitat in the Yolo Bypass.
particularly in the Central and West Delta
Ecological Unit, will be an important component PROGRAMMATIC ACTION 1B: Restore and
of subsidence control and island accretion, manage 2,000 acres of additional seasonal
Permanent freshwater marsh can help arrest and wetland habitat in association with the Yolo Basin
in some cases reverse subsidence where peat Wildlife Area.
oxidation has resulted in land elevations more
than 15feet below sea level. Increasing the area TARGET 2: Restore and at leastmanage
of freshwater marsh will contribute to an 6,000 acres of additional seasonal wetland habitat
ecosystem that can accommodate sea level rise. and improve management of 1,000 acres of
Habitats for wetland wildlife will be improved, existing, degraded seasonal wetland habitat in the
The targets selected take into account the large East Delta Ecological Unit (,~).
losses of nontidal freshwater marshes since the
early 1900s. The Sacramento-San doaquin Delta PROGRAMMATIC ACTION 2A: Develop a
Ecological Zone lost nearly 90, 000 acres with the cooperative program to restore and manage 1,000
greatest losses in the North Delta and Central and acres of additional seasonal wetland habitat on
West Delta Ecological Units. Acreage changes in Canal Ranch.
the South Delta were insignificant during that
period because most losses there occurred before PROGRAMMATIC ACTION 2B: Develop a
1900. cooperative program to restore and manage 5,000

acres of additional seasonal wetland habitat.
SEASONAL WETLAND HABITAT

PROGRAMMATIC ACTION 2c: Improve
IMPLEMENTATION OBJECTIVE: Restore and management of 1,000 acres of existing degraded
manage seasonal wetland habitat in the Delta to:seasonal ~;etland habitat.

¯ restore foodweb and floodplain processes, manageTARGET3: Restoreand atleast8,000
acres of additional seasonal wetland habitat and

¯ reduce the effects of contaminants and waterimprove management of 1,500 acres of existing,
on the Delta’s aquatic degraded seasonal wetland habitat in the Centralmanagement resources;

and "                                    and West Delta Ecological Unit (~).

¯ provide high-quality foraging and restingPROGRAMMATIC ACTION 3A: Restore and
habitat for wintering waterfowl, greater manage 4,000 acres of additional seasonal
sandhill cranes, and migratory and winteringwetland habitat on both Twitchell Island.
shorebirds.

PROGRAMMATIC ACTION 3B: Restore and
This will help to restore and maintain themanage 4,000 acres of additional seasonal
ecological health of the aquatic resources in andwetland habitat on Sherman Island.
dependent on the Delta.
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PROGRAMMATIC ACTION 3C: Develop a these functions for the Delta aquatic zone,
cooperative program to improve management of. significant areas of restared seasonal wetlands in
1,500 acres oferdsting degraded seasonal wetlandthe Sacramento-San Joaquin Delta Ecological
habitat. Zone should be subject to periodic flooding and

overland flow from Delta and river floodplains.
TARGET 4: Restore and manage at least 12,000
acres of additional seasonal wetland habitat and RIPARIAN AND RIVERINE
improve management of 500 acres of existing, AQUATIC HABITATS
degraded seasonal wetland habitat in the South
Delta Ecological Unit (,,). IMPLEMENTATIONOBJECTIVE: Restore riparian

scrub, woodland, and forest habitat along largely
PROGRAMMATIC ACTION 4A: Develop a nonvegetated riprapped banks of Delta island
cooperative program to restore and managelevees, along the Sacramento and San Joaquin
12,000 acres of additional seasonal wetlandRivers, and along major tributaries of the
habitat. Sacramento and San Joaquin Rivers. This will

create corridors of riparian vegetation to shade
PROGRAMMATIC ACTION 4B: Develop a dverine aquatic habitat for anadromous and other
cooperative program to improve management offish species, and to create high-quality habitat for
500 acres of existing degraded seasonal wetlandspecial-status plant and animal species and other
habitat, wildlife.

RATIONALE: Restoring seasonal wetland habitats TARGET 1: Restore 10 to 20 linear miles of
along with aquatic, permanent wetland, and riparian and riverine aquatic habitat along the
riparian habitats is an essential element of the San Joaquin River in the South Delta Ecological

¯ restoration strategy for the Sacramento-San Unit to create corridors of riparian vegetation of
Joaquin Delta Ecological Zone. Restoring the which 50% is to be over 75 feet wide and 40% is
ratio of land-water interface will help restore a to be no less than 300 feet wide and 1 mile long
mosaic of complex habitats that will restore (~).
important ecosystem processes and functions.
Restoring these habitats will also reduce the PROGRAMMATIC ACTION 1A: Develop a
amount and concentrations of contaminants that cooperative program to restore riparian habitat
could, once they enter the Delta’s sloughs, either by obtaining conservation easements or by
interfere with restoring the ecological health of purcha~se from willing sellers.
the aquatic ecosystem. Seasonal wetlands support
a high production rate ofprimaryandsecondary TARGET 2: Restore 15 to 25 linear miles of
food species and large blooms (dense riparian and riverine aquatic habitat along other
populations) of aquatic ~nvertebrates. Delta island levees throughout the South Delta

Ecological Unit. This will create riparian
Wetlands that are dry in summer are also efficient vegetation corridors of which 60% is to be more
sinks for the transformation of nutrients and the than 75 feet wide and 10%, no less than 300 feet
breakdown of pesticides and other contaminants, wide and 1 mile long (~,).,
The roughness of seasonal wetland vegetation
filters and traps sediment and organic PROGRAMMATIC ACTION 2A: Develop a
particulates. Water flowing out from seasonal cooperative program to restore riparian habitat
wetlands is typically high in foodweb prey species either by obtaining conservation easements or by
concentrations and fine particulate organic purchase from willing sellers.
matter that feed many Delta aquatic and
semiaquatic fish and wildlife. To capitalize on
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TARGET 3: Restore 10 to 15 linear miles of PROGRAMMATIC ACTION6A: Expand the Stone
riparian and riverine aquatic habitat along theLakes and Cosumnes River Preserves from their
Sacramento River below Sacramento of whichcurrent size by an additional 500 acres of existing
40% is to be more than 75 feet wideand 20% over woodland habitat. Share costs with the Nature
300 feet wide (,). Conservancy to acquire in-fee title to the lands

needed from willing landowners.
PROGRAMMATIC ACTION 3A: Obtain
conservation easements for, or purchase fromPROGRAMMATIC ACTION 6B: Purchase riparian
willing sellers, land needed to restore 10 towoodland propertyoreasements.
15 linear miles of riparian habitat along the
Sacramento River in.the North Delta EcologicalRATIONALE: Many species of wildlife, including
Unit. Obtain conservation easements for, orseveral species listed as threatened or endangered

purchase from willing sellers, land needed tounder the State and federal Endangered Species
create corridors of riparian vegetation. Acts and several special-status plant species in

the Central Valley are dependent on or closely
TARGET4: Restore 8 to 15 linear miles of riparian associated with riparian habitats. Riparian
and riverine aquatic habitat in the East Deltahabitats support a greater diversity of wildlife
Ecological Unit of which 40% is to be more than species than any other habitat type in California.
75 feet wide and 20% over 300 feet wide (,~). Degradation and loss of riparian habitat has

substantially reduced the habitat area available
PROGRAMMATIC ACTION 4A: Obtain for associated wildlife species. Loss of this habitat
conservation easements for, or purchase fromhas reduced water storage, nutrient cycling, and
willing sellers, land needed to restore 5 tofoodwebsupport.
10 linear miles along the Mokelumne River and 3
to 5 miles along the Cosumnes River in the EastRestoring, improving, and protecting high-quality
Delta Ecological Unit to create corridors of riparian woodland habitat will enhance nutrient
riparian vegetation, cycling and foodweb support and provide habitat

for terrestrial invertebrates that will sustain
TARGET 5: Restore or plant riparian and riverineresident fish and rearing juvenile anadromous
aquatic habitats and recreate slough habitat andfish in the Delta. Terrestrial vertebrates that will
set back levees (~). benefit include the Swainson’s hawk, western

yellow-billed cuckoo, wading birds, neotropical
PROGRAMMATIC ACTION 5A: Obtain birds, and the riparian brush rabbit. This habitat
conservation easements for, or purchase fromwill also increase suitable habitat for wildlife

land needed to restore such the turtle and wood duckwillingsellers, riparian as westernpond
habitat along newly created sloughs and sloughs(Bjornn et aL 1991; Shields et al. 1993; Jensen et
with new levee setbacks, al. 1987; Fris and DeHaven 1993; Mahoney and

Erman 1984; Knight and Bottorff1983).
PROGRAMMATIC ACTION 5B: Obtain "

conservation easements for, or purchase fromLarge-scale riparian restoration projects are
willing sellers, land needed to restore riparianneeded to restore the biodiversity (variety of
habitat along new or upgraded Delta levees, species) and the sustainability and resilience of

-̄ these habitats. This is consistent with the
TARGET 6: Protect existing riparian woodlands in recommended strategy for restoration of rivers
North, East, and South Delta Ecological Unitsand aquatic ecosystems on a large landscape
(~). scale (National Research Council 1992; Noss and

Harris 1986; Hutto et al. 1987; Scott et al. 1987;
Noss et al. 1994). Large-scale restoration of
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broad, diverse riparian habitats in the PROGRAMMATIC ACTION 1B: Protect and restore
Sacramento-San Joaquin Delta Ecological Zone inland dune scrub habitat areas adjacent to
will support increased nesting populations of existing ecological preserves in the Central and
Swainson’s hawks and otherraptors, as well a~ West Delta Ecological Unit through either
the yellow-billed cuckoo. Wood ducks will also conservation easements or purchase from Willing
benefit from increases in riparian habitat. Heron sellers.
and egret rookeries will increase as well (Baltz
and Moyle 1984; Hudson 1991; Motroni 1981; RATIONALE: An analysis of soils indicated that
National Resource Council 1992; Gaines 1974 the historical extent of inland sand dunes in the
and 1977). Delta was probably less than 10, 000 acres. The

extent and habitat quality of inland dune scrub
Riparian woodland habitats are important habitat has declined as a result of recent land use
use areas for many species of wildlife in the changes. Inland dune scrub is a unique Delta
Central Valley. The loss or degradation of community and supports several special-status
historic stands of riparian woodland has plant and animal species, including the Lange’s
substantially reduced the habitat area available metalmark, which is federally listed as
for associated wildlife. Such woodlands will also endangered. Protection and restoration of inland
contribute to the recovery of species such as dune scrub habitat will help maintain existing
Swainson "s hawk. Actions to restore ecological special-status species and assist in recovery of
processes and functions, increase and improve their populations.
habitats, and reduce stressors are prescribed
primarily to contribute to the recovery of aquatic PERENNIAL GRASSLAND
species such as winter-run, spring-run, and late-
fall-run chinook salmon; splittail; and delta smelt. IMPLEI~IENTATION OBJECTIVE: In6rease the area
These actions will also benefit the Swainson’s of perennial grasslands by restoring perennial
hawk, greater sandhill crane, yellow-billed grasses along with restoration of floodplains and
cuckoo, riparian brush rabbit, black rail, and marshes to provide high-quality habitat conditions

.giant garter snake, for associated special-status plant and wildlife
species.

INLAND DUNE SCRUB

TARGET 1: Restore 4,000 to 6,000 acres of
IMPLEMENTATION OBJECTIVE." Improve low- to perennial grasses in the North, East, South, and
moderate-quality Antioch inland dune habitat inCentral and West Delta Ecological Units
the Delta to provide high-quality habitat forassociated with existing or proposed wetlands and
special-status plant and animal species andfloodplain habita~s(~).
associated wildlife.

PROGRAMMATIC ACTION 1A: Develop a
TARGET 1: Enhance 50 to 100 acres of low- to cooperative program to restore 1,000 acres of
moderate-quality Antioch inland dune scrubperennial grassland in the North Delta Ecological
habitat in the Delta to provide high-quality habitatUnit through either conservation easements or
for special-status plant and animal species andpurchase from willing sellers~
associated wildlife (~).

PROGRAMMATIC ACTION 1B: Develop a
PROGRAMMATIC ACTION 1A: Support programs cooperative, program to restore 1,000 acres of
for protecting and restoring inland dune scrubperennial grassland in the East Delta Ecological
habitat at existing ecological :preserves in theUnit through either conservation easements or
Central and West Delta Ecological Unit. purchase from willing sellers.
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PROGRAMMATIC ACTION 1C: Develop - a greater sandhill crane, and for other wintering
cooperative program to restore 1,000 to 2,000 sandhill crane subspecies.
acres of perennial grassland in the South Delta’
Ecological Unit through either conservationPROGRAMMATIC ACTION 1C: Create permanent
easements or purchase from willing sellers, or semipermanent ponds in Delta farm areas that

provide suitable waterfowl nesting habitat but
PROGRAMMATIC ACTION 1D: Develop a !ack suitable brooding habitat, to increase resident
coop6rative program to restore 1,000 to 2,000 dabbling duck production.
acres of perennial grassland in the Central and
West Delta Ecological Unit through eitherPROGRAMMATIC ACTION 1D: Increase the
conservation easements or purchase from willingacreage farmed for wheat and other crops that
sellers, p~ovide suitable nesting habitat for waterfowl and

other ground-nesting species in the Delta.
RATIONALE: Restoring wetland, riparian, and
adjacent upland habitats in association with PROGRAMMATIC ACTION 1E: Convert
aquatic habitats is an essential element of the agricultural lands in the Delta from crop types of
restoration strategy for this ecological zone. low forage value for wintering waterfowl,
Eliminating fragmentation and restoring wintering sandhill cranes, and other wildlife to
connection of habitats will enhance habitat crop types of greater forage value.
conditions for special-status species such as the
California black rail and foraging habitat for PROGRAMMATIC ACTION IF: Defer fall tillage on
Swainson’s hawk. For instance, the habitats for corn fields in the Delta to increase the forage for
these species have been degraded by a loss of the wintering waterfowl, wintering sandhill cranes,
adjacent escape cover needed during periods of and associated wildlife.
high flows or high tides.

PROGRAMMATIC ACTION 1G: Develop a
AGRICULTURAL LANDS cooperative program to improve management on

8,000 acres of Delta corn and wheat fields and to
IMPLEMENTATION OBJECTIVE: Cooperatively reimburse farmers for leaving a portion of the
manage agricultural lands to provide high qualitycrop in each field unharvested as forage for
wildlife values for associated species, andwaterfowl, sandhill cranes, and other wildlife.
maintain or increase the economic viability of
agricultural lands. RATIONALE." Following the extensive loss of

native wetland habitats in the Central Valley,
TARGET 1: Cooperatively~ 40,000 to some wetland wildlife species have adapted to themanage
75,000 acres of agricultural lands (~,). artificial wetlands of some agriculturalpractices

and have become dependent on these wetlands to
PROGRAMMATIC ACTION 1A: Increase the area of sustain their populations. Agriculturally created
Delta corn fields and pastures flooded in winterwetlands include rice lands; fields flooded for
and spring to provide high-quality foragingweed, salinity, and pest control; stubble
habitat for wintering and migrating waterfowl andmanagement; and tailwater circulation ponds.
shorebirds and associated wildlife.

Reducing the nutrients entrainment of lower
PROGRAMMATIC ACTION 1B: Periodically flood trophic organisms (food species), such as
pasture from October through March in portionsphytoplankton and zooplankton, and of life stages
of the Delta relatively free of human disturbanceof higher trophic organisms such as fish eggs,
to create suitable roosting habitat for winteringlarvae, and juveniles into agricultural and export

water diversions will increase production of

J ¯
~ ~

Volume II: Ecosystem Restoration Program Plan
~

.~1~ ~r~^
Sacramento-San doaquin Delta Ecological Zone Vision

55                                           Draft: March 1998

.!
C--006677

(3-006677



primary and secondary food species. This will Restoring nesting habitat, especially when it is
also support nutrient cycling functions that can near brood ponds, will increase the produc.tion of
sustain quality forage for aquatic resources in resident waterfowl species. When the restored
and dependent on the Delta (Chadwick 1974). nesting habitat is properly managed, large,

ground predators are less effective in preying on
Managing agricultural lands to increase forage eggs and young of waterfowl and other ground
for waterfowl and other wildlife will increase the nesting birds. Managing agricultural lands to
survival rates of overwintering wildlife and increase forage for waterfowl and other w’ildlife
strengthen them for migration, thus improving will increase the overwinter survival rates of
breeding success (Madrone Associates 1980; wildlife and strengthen them for migration, thus
Fredrickson and Reid 1988; Schultz 1990; and, improving breeding success (Madrone and Assoc.
Ringelman 1990). 1980; FredricksOn and Reid 1988; Schultz 1990;

and Ringelman 1990). Following the extensive
Restoring roosting habitat in this ecological zone, loss of native upland habitats, upland wildlife.
especially when it is near forage habitat, will species have adapted to the artificial upland
increase the overwinter survival of sandhill environment of some agricultural land uses and
cranes and strengthen them for migration, thus have become dependent on agricultural upland
improving breeding success. Decreasing in human areas and field-border shelter belts to sustain
disturbance in the roosting sites will also improve their populations.
the health of the crane in the Delta. Actions to
restore ecological processes and functions, Habitat restoration will occur over a 25 year
increase and improve habitats, and reduce period. Initial efforts will be directed at lands
stressors are prescribed primarily to increase presently in State or Federal ownership.
populations of lower level food species, aquatic Restoration will be strictly guided by adaptive

¯ andterrestrialinvertebrates, andforagefishsuch management in which conceptual ecosystem
as threadfin shad Improving the foodweb of the models and hypotheses will be developed Small
Delta will help restore the health of the Bay- projects will be implemented to test the
Delta’s aquatic ecosystem, hypotheses regarding habitat restoration. For

example, one hypothesis might be that delta smelt
Creating small ponds on farms with nearby will occupy tidal perennial aquatic habitat for
waterfowl nesting habitat but little brood habitat foraging, spawning, and rearing. Monitoring will
will increase production of resident waterfowl determine it the hypothesis is true or false (e.g.,
species when brood ponds are developed and do delta smelt use restored habitat). Based on the
managed properly. Researchers and wetland results of monitoring under the adaptive
managers with the DFG, U.S. Fish and Wildlife managementprogram, an evaluation will be made
Service and the California Waterfowl Association regarding the need and benefit of restoring
have found that well managed brood ponds additional acres of tidal perennial aquatic
produce the high levels of invertebrates needed to habitat.
support brooding waterfowl. Other wildlife such
as the red-legged frog, tiger salamander, giant
garter snake, and western pond turtle will also
benefit. Restoring suitable nesting habitat near
brood ponds will increase the production of
resident waterfowl species. When the restored
nesting habitat is properly managed, large,
ground predators are less effective.in preying on
eggs and young of waterfowl and other ground-
nesting birds.
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SUMMARY OF ERPP HABITAT RESTORATION TARGETS AND PROGRAMMATIC ACTIONS FOR

THE SACRAMENTO-SAN JOAQUIN DELTA ECOLOGICAL ZONE.

Habitat Type North Delta East Del~a South Delta Central and Total
Acreage Acreage Acreage West Delta Acreage

Acreage

Tidal Perennial 1,500 1,000 2,000 2,500 7,000
Aquatic

Shoal 0 0 0 500 500*

Nontidal Perennial 0 200 200 100 500
Aquatic (deep open
water)

Nontidal Perennial 1,000 300 300 500 2,100
Aquatic (shallow
open water)

Midchannel Islands 50 to 200 50 to 200 50 to 200 50 to 200 200 to 800*

Fresh Emergent TBD TBD TBD TBD 30,000 to 45,000
Wetland (tidal) [to be

determined]

Fresh Emei’gent 3,000 ,3,000 4,000 ! 0,000 20,000
Wetland (,nontidal)

Seasonal             Improve; 1,000 1,000 500 1,500 4,000
Wetland Restore: 4,000 6,000 = 12,000 8,000 30,000

Inland Dune Scrub " 0 0 0 50 to 100 50 to 100"

Perennial Grassland 1,000 1,000 1,000 to 2,000 1,000 to 2,000 4,000 to 6,000

Wildlife Friendly TBD TBD TBD TBD 40,000 to
Agricultural Land 75,000"

Total acres 138,000 to
191,000

* Denotes acreages that have minimal impact to existing agricultural land uses and practices.

’Note: Table does not include acreages for riparian and riverine aquatic habitat, Delta sloughs, levee reliability program, or
conveyance facilities.
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REDUCING OR ELIMINATING vegetation maintenance practices on both the

STRESSORS water and the land side of berrns on 25 to 75 miles
of the Sacramento, Mokelumne, and San Joaquin
Rivers, and on 25 to 100 miles of other Delta

WATER DIVERSIONS                 channels and sloughs confined by levees (..).

IMPLEMENTATION OBJECTIVE: Reduce entrain- :PROGRAMMATIC ACTION 1A: Enter into
merit of aquatic organisms and nutrients at wateragreements , with willing levee reclamation
diversions to increase survival of all life stages ofdistricts to change levee and berm vegetation
fish and maintain the foodweb, management practices that to establish and mature

shoreline riparian vegetation. This will restore and
TARGET 1: Reduce loss of important fish speciesmaintain the health of Delta aquatic resources.
at diversions (,,~). Reimburse districts for anyadditional

maintenance and inspection costs.
PROGRAMMATIC ACTION 1A: Consolidate and
screen agricultural diversions in the Delta. P~4TIONALE." Restoring, improving, and protecting

high-quality riparian woodland and willow scrub
PROGRAMMATIC ACTION1B: Replace or upgrade habitat will enhance nutrient cycling and the
the screens at the SWP and CVP intakes withfoodweb and provide habitat for terrestrial
positive-barrier, fish bypass screens and state-of-invertebrates that will sustain resident fish and
the-art fish holdi~ag and transportation systems,juvenile anadromousfish. Terrestrial vertebrates
(Note: The ecological benefits of this action could that will benefit include the Swainson’ s hawk,
be substantially improved by selection of an western yellow-billedcuckoo, neotropicalmigrant
alternative that has a provision to relocate the songbirds, and the riparian brush rabbit. This
intakes, screening those intakes, andprovMingfor action will also increase suitable habitat forfish bypassesasneeded.) wildlife such as the western pond turtle and wood

duck (Bjornn et al. 1991; Shields et al. 1993;
PROGRAMMATICACTION 1C: Upgrade screens at Jensen et al. 1987; Fris and DeHaven 1993;
Pacific Gas & Electric Company’s Contra Costa Mahoney and Erman 1984; and Knight and
power plant with fine-mesh, positive barrier, fishBottorff 1983). Large-scale riparian restoration
bypass screens, projects are needed to restore the variety of

~species and the sustainability and resilience of
RATIONALE." Loss of juvenile fish in diversions is these habitats to support the ecological functions
detrimental to fish species of special concern needed for aquatic resource restoration in the
(Larkin 1979; Erkkila et al. 1950). Bay-Delta. This is consistent with the

recommended strategy for restoration of rivers
LEVEES~ BRIDGES~ AND BANK PROTECTION and aquatic ecosystems on a large scale (National

Research Council 1992; Noss and Harris 1986;
IMPLEMENTATION OBJECTIVE: Reestablish Hutto et al. 1987; Scott et al. 1987; Noss et al.
natural vegetation within narrow levees,1994).
consistent with flood protection needs and new
levee vegetation management guidelines approved DREDGING AND SEDIMENT DISPOSAL
by the Bureau of Reclamation (Reclamation)
Board, on 50 to 175 miles of levee in theIMPLEMENTATION OBJECTIVE: Reduce the loss
Sacramento-San Joaquin Delta Ecological Zone.of and degradation to important aquatic habitat

and vegetated berm islands caused by dredging,
TARGET 1: Increase shoreline and floodplainthereby protecting, restoring, and maintaining the
riparian habitat in the Delta. by changing thehealth of Delta aquatic resources.
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TARGET 1: Limit dredging in channel zones thatRATIONALE: Soils for levee maintenance should
are not essential for flood conveyance ornot betakenfromadjacentDeltawatersbecause
maintenance of industrial shipping pathways, andsuch dredging alters the physical and chemical
avoid dredging in shallow water areas (depths ofcharacteristics of the aquatic habitat and disrupts
less than 3 meters at mean high water) exceptaquatic organisms. Restoring, improving, and
where it is needed to restore flood conveyanceprotecting, high-quality shallow habitat will
capacity (,~,). provide forage for rearing juvenile fish. These

areas typically produce high levels of primary and
PROGRAMMATIC ACTION 1A: Use alternate secondary food species and support nutrient
sources (rather than Delta inchannel sources) ofcycling that can sustain quality forage. These
levee maintenance material; such as: areas also provide high-quality forage for

waterfowl that use submergent vegetation
¯ excavation of abandoned nonessential levees,growing in the shoals and diving ducl~ such as
¯ excavation material from the restoration ofcanvasback and scaup that eat clams in these

secondary tidal channels, areas (Fris and Dettaven 1993; Brittain et al:
¯ dry-side island interior borrow pits, - 1993; Stuber 1984). Losses to thisor impacts
¯ upland borrow sites, habitat should be avoided to restore the health of
¯ Cache Creek settling basin and Yolo Bypass the estuary (Schlosser 1991; Sweetnam and

sediment deposits, and Stevens 1993; Herbold 1994).
¯ deep water dredging sites in the San

Francisco Bay. Impacts that could disrupt foraging and breeding
activities of special-status estuarine fish should be

PROGRAMMATIC ACTION 1n: Restrict or avoided (Sweetnam and Stevens 1993; Moyle et
minimize effects of dredging near existingal. 1992, Herbold1994).
midchannel tule islands and shoals that are
vulnerable to erosion and exhibit clear signs of INVASIVE AQUATIC PLANTS
area reduction from channel and bar incision --
(cutting). IMPLEMENTATION OBJECTIVE: Reduce adverse

effects of invasive non-native aquatic plants to
IMPLEMENTATION OBJECTIVE: Reduce impacts increase and maintain the productivity of the
of dredging on aquatic resources during the mainaquatic foodweb, preserve suitable fish habitat,
spawning and rearing periods and in sensitiveand provide quality habitat for native submergent
areas. This will help protect, restore, and maintainand emergent plants.
the health of Delta aquatic resources.

TARGET Manage existing and restored dead-1:
TARGET 2: Avoid dredging during spawning andend and open-ended sloughs and channels within
rearing periods for delta smelt and during rearingthe Sacramento-San Joaquin Delta Ecological
periods for winter-run chinook salmon (~). Zone that less than 1% of the surfaceofso area

these sloughs and channels are covered by
PROGRAMMATIC ACTION 2A: Follow DFG invasive non-native aquatic plants (,).
guidelines for dredging in the estuar%

PROGRAMMATIC ACTION 1A: Conduct large-
PROGRAMMATIC ACTION 211: Provide stockpiles scale, annual weed eradication programs
of levee maintenance materials in three or morethroughout existing and restored dead-end and
selected land-side areas to avoid the need toopen-ended sloughs and channels within each of
obtain material from Delta channels duringthe Delta’s ecological units. The goal is that less
restricted periods, than 1% of the surface area of these sloughs and
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channels is to be covered by invasive non-nativeSacramento-San Joaquin Delta Ecological Zone.
aquatic plantswithin 10years. Achieving this objective would assist in the

natural reestablishment of native riparian
PROGRAMMATIC ACTION 1B: Evaluate the vegetation in floodplains, increase SRA cover for
feasibility " of developing a program tofish, increase habitat values for riparian wildlife,
commercially harvest and convert water hyacinthand restore and maintain the health of Delta
to methane (natural gas) and organic fertilizer, aquatic resources.

Target 2: Reduce the potential for introducingTARGET 1: Reduce surface area covered by non-
non-nativeaquatic plant and animal species at native plants to less than 1% (,).
border crossings (~,~,I~).

PROGRAMMATIC ACTION 1A: Control non-native
PROGRAMMATIC ACTION 2A: Provide funding to riparian plants.
the California Department of Food and
Agriculture to expand the current State borderTARGET 2: Reduce the area of invasive non-
inspection process to include a comprehensivenative woody species, such as Giant Reed (i.e.,
program of exclusion, detection, and managementarundo or false bamboo) and eucalyptus, that
of invasive aquatic species such as the zebracompete with native riparian vegetation, by
mussel, purple loosestrife, and hydrilla, reducing the area of non-natives by 50%

throughout the Delta and by eradicating invasive
RATIONALE: lnvasive aquatic plants have altered Woody plants from restoration areas (~,~).
ecosystem processes, functions, and habitats
through a combination of changes such as those PROGRAMMATIC ACTION 2A: Implement a.
to the foodweb and those from competition for program throughout the Delta to remove and
nutrients, light, andspace. The prescribed action suppress the spread of invasive non-native plants
is primarily to enhance foodweb functions and that compete with native riparian vegetation by
improve habitat for rdsident, estuarine, and reducing the aerial extent of species such as False
anadromous fish and neotropica~ migratory birds, Bamboo, eucalyptus, and non-native cordgrass
in part, by reducing the areas inhabited by (Spartina spp.)by 50%.
invasive non-native plants and by large-scale
restoration of optimalnesting habitat (Dudleyand PROGRAMMATIC ACTION 2B: Implement a
D’Antonio 1994; Anderson 1990; Zedler 1992; program throughout the Delta that, before
Bay-Delta Oversight Council 1994). restoration actions, eliminates invasive woody

plants that could interfere with the restoration of
Every reasonable effort should be made to reduce native riparian vegetation.
the introduction of non-native organisms at
overland entrances to California. Inspections at RATIONALEt lnvasive non-native plants have
borders have already found Zebra mussels that if altered ecosystem processes, functions, and
allowed to enter Bay-Delta waters could have habitats through a combination of changes such
devastating economic and ecological effects, as those to the foodweb and those of competition

for nutrients, light, and space. The prescribed
INVASlVE RIPARIAN AND actions are primarily to improve habitat for many

SALT MARSH PLANTS fish and wildlife species and to support foodweb
functions by establishing extensive riparian

IMPLEMENTATION    OBJECTIVE:    Reduce habitat throughout the Delta (Dudley and
populations of invasive normative tree and shrubD ’Antonio 1994; Madrone and Assoc. 1980; Bay-

species that compete with the establishment andDelta Oversight Council 1994; Cross and
succession of native riparian vegetation in theFleming 1989; Zedler .1992). There have been
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extensive Spartina eradication efforts in Willapa PROGRAMMATIC ACTION 1A: Develop a
Bay, Washington, that could provide guidance in cooperative program to reevaluate the need to
designing and implementing a similar control " remove predatory fish from Clifton Court
program in the western Delta and north San Forebay.
Francisco Bay. In most cases, the removal of
invasive plants will require the replanting of PROGRAMMATIC ACTION 1B: Evaluate
native vegetation to maintain adequate levels of alternative methods to remove predator fish from
herbaceous cover, canopy closure, habitat Clifton Court Forebay with emphasis on predator
structure, and to limit exotic recolonization, removal near the fish facility.

INVASIVE AQUATIC ORGANISMS PROGRAMMATIC ACTION 1C: Evaluate alternate
operational strategies to reduce entrainment of

]aMPLEMENTATION OBJECTIVE: Reduce juvenile fish into Clifton Court Forebay.
introductions of non-native aquatic organisms that
compete or displace native species. TARGET 2: Reduce in-channel predation loss of

juvenile fish near structures such as bridge pilings
TARGET 1: Reduce or eliminate the influx of non-and diversions (,).
native aquatic species in ship ballast water
(,~). PROGRAMMATIC ACTION 1A: Developa

cooperative program to reevaluate opportunities
PROGRAMMATIC ACTION 1A: Fund additional to modify" in-channel structures to eliminate
inspection staff to enforce existing regulations, predator habitat.

I>ROGRAMMATIC ACTION 1B: Help fund research RATIONALE: Diversions and other structures may
on ballast water treatment techniques that couldprovide habitator opportunities for predatory fish
eliminate non-native species before ballast waterand wildlife, which could be detrimental to fish
is released, species of special concern (Erkkila et al. 1950).

RATIONALE: Every reasonable effort should be Predation of juvenile fish in Clifton Court
made to reduce the introduction of non-native Forebay is a symptom of larger problems. These
organisms in the ballast water of ships that enter are probably insufficient rearing habitat in the
the Delta. Such organisms have greatly altered Central Delta, high channel velocities, and
the zooplankton of the Delta over the past several insufficient flows in the San Joaquin River. Short-
decades. Further alteration could reduce the term efforts in Clifton Court Forebay should
capaci~ of the Delta to support native fishes, include, at a minimum, a predator removal or

control program near the fish facility and louver
PREDATION AND COMPETITION system. Additional focused research is needed on

longer-term efforts t.o predation toreduce and
IMPLEMENTATION OBJECTIVE." Reduce the loss improve the understanding of predator population
of juvenile anadromous and resident fish andgrowth. The longer-term solution to predation at
other from unnatural levels of this site lies in re-creating rearing and migrationaquaticorganisms
predation. This will increase survival andhabitats throughout the Delta. Some of the water
contribute to the restoration of important species,conveyance alternatives in the Delta could

decrease the rates of predation by enlarging the
TARGET 1: Reduce loss of juvenile fish in Cliftonforebay and closing the radial gates for longer
Court Forebay to predation by 75% to 90% periods.
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CONTAMINANTS’ Improved inchannel flows within the Delta from
seasonal reductions in water use and improved

IMPLEMENTATION    OBJECTIVE:    Reduce flows attributed to enhanced supplies of
concentrations and loadings of contaminants inenvironmental water will also contribute to
the aquatic environment and the subsequentreducing concentrations (CharbunneauandResh
bioaccumulation of them in aquatic species. This1992; U.S. Environmental Protection Agency

increase species survival and eliminate public1993). Human health warnings associated with
health concerns, consuming fish and wildlife have been issued

because of high levels of substances such as
TARGET 1: Reduce loading, concentrations, andmercury andseleniur~ Large-scale restoration of
bioaceumulation of contaminants of concern toaquatic and wetland habitats may contribute to
ecosystem health in the water, sediments, andreducing levels of hydrocarbons, heavy metals,
tissues offish and wildlife in the Sacramento-Sanand other pollutants. However, addressing point
Joaquin Delta EcologicalZone by 25 to 50% assources of concern such as the oil refineries on
measured against current average levels (~4~). Suisun and San Francisco Bays and elevated

releases of selenium as a result of refining oil
PROGRAMMATICACTIONIA: Reduce the input of from sources high in selenium can also help
herbicides, pesticides, fumigants, and other agentsreduce these contaminants (Charbunneau and
toxic to fish and wildlife in the Delta by changingResh 1992).
land management practices and chemical uses on
50,000 acres of urban and agricultural lands that HARVEST OF FISH AND WILDLIFE
drain untreated into Delta channels and sloughs.
Actions will focus on modifying agriculturalIMPLEMENTATION OBJECTIVE: This
practices and urban land uses on a large scale. Toimplementation objective seeks to regulate
reduce the concentration of pesticide residues, theharvest of fish and wildlife enough to avoid
amount applied will be reduced and the amount ofimpairing the reproductive capacity of the
pesticide load reaching the Delta’s aquaticpopulation in relation to available habitat.
habitats will, be further reduced by taking
advantage of biological and chemical processesTARGET 1: Reduce illegal harvest of anadromous
within wetland systems to help break downfish and wildlife in the Delta by increasing
harmful pesticide residues, enforcement (~).

PROGRAMMATIC ACTION 1B: Reduce levels of PROGRAMMATIC ACTION 1A: Provide additional
hydrocarbons and other contaminants entering thefunding to the DFG for additional enforcement.
Delta foodweb from high releases into the estuary
at oil refineries. PROGRAMMATIC ACTION 1B: Provide additional

funding to local county sheriff’s departments and
RATIONALE: Reducing the concentrations and and local parkagencies for additional
loads of contaminants including hydrocarbons, enforcement.
heavy metals, and other pollutants in the water
and sediments of the Sacramento-San Joaquin PROGRAMMATIC ACTION 1C: Provide rewards
Delta Ecological Zone will help ensure reduction for the arrest and conviction of poachers.
of sublethal and chronic impacts of contaminants,
whose impacts on population levels are hard to RATIONALE." Actions to reduce illegal harvest of
document. (Bay Delta Oversight Council 1994; fish and wildlife are prescribed primarily to
Hall 1991; U.S. Fish and Wildlife Service 1.o96; contribute to the recovery of aquatic species such
San Francisco Estuary Project 1992b; Sparks as winter-run, spring-run, and late fall-run
1992; Diamond et al. 1993; Rost et al. 1989). chinook salmon; green sturgeon; splittail; and

~ ~
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steelhead. They will also contribute to the I>ROGRAMMATIC ACTION 2B: Establish and
recovery of species such as Swainson’s hawk, ~ enforce no motorized boating zones in 5 to
greater sandhill crane, yellow-billed cuckoo, 25 miles of existing dead-end channels in the
riparian brush rabbit, black rail, and giant garter Delta from March to June.
snake (-~.S. Fish and WtTdlife Service 1996; San
Francisco Estuary Project 1992b; Bay-Delta PROGRAMMATIC ACTION 2C: Establish and
Oversight Council 1993; California Department enforce no motorized boating zones in the small
offish and Game 1991). tidal channels created in restored tidal freshwater

marshes and Delta floodplains of levee setbacks.
DISTURBANCE

TARGET 3: Reduce boat wakes near important
IMPLEMENTATION OBJECTWE: Manage boat shallow water spawning areas in the Delta from
traffic in sensitive habitat areas to reduce boatMarch to June to levels necessary to protect
wake erosion and to protect or buffer the successful spawning behavior and success. This
remaining channel islands from boat wakewill help in recovery of listed species (.).
erosion.

PROGRAMMATIC ACTION 2A: Identify important
TARGET 1: Reduce boat traffic and boat speeds inshallow water spawning areas and establish and
areas where levees or channel islands and their no zones yardsenforce wake within50 of these
associated shallow-water and riparian habitat mayimportant Delta habitats from March to June.
be damaged by wakes. This will protect important
Delta habitats such as berm islands from erosionPtATIONALE: Protecting the highest quality and
caused by boat wake (,~). largest berm island complexes will advance the

ERPP’s strategy of protecting and restoring large
PROGRAMMATIC ACTION 1A: In the Central and areas of habitat rather than small fragmented
West Delta Ecological Unit, establish and enforceareas (National Research Council 1992; Resource
no wake zones of 1 to 3 miles in DisappointmentAgency 1976; San Francisco Estuary Project
Slough, of I to 2 miles in White Slough, and of 3 1992a; San doaquin County 1979; U.S. Fish and
to 4 miles in Middle and Old Rivers in areas withWildlife Service 1992).
remnant berms and midchannel islands.

Actions taken to restore ecological processes and
PROGRAMMATIC ACTION 1B: In the East Delta functions, increase and improve habitats, and
Ecological Unit, establish and enforce no wakereduce stressors in this ecological .zone are
zones of 1 to 3 miles of the Mokelumne River~ ofprescribed primarily to contribute to the recovery
2 to 4 miles in Snodgrass Slough, and of 3 toofaquatic species such as winter-run, spring-run,
’4 miles in Beaver, Hog, and Sycamore Sloughs inand late-fall-run chinook salmon; green sturgeon;
areas with remnant berms and midchannel islands,splittail; andsteelhead. They will also contribute

to the recovery of species such as the black rail
TARGET 2: Reduce boat wakes near designated (Madrone 1980; Schlosser 1991; San Francisco
important California black rail nesting areas in theEstuary Project 1992a; U.S. Fish and Wildlife
D̄elta from March to June to.levels necessary to Schlorff1991).Service1978;
prevent destruction of nests. This will help in
recovery of this listed species (~). Additional. research is needed to identify

important shallow water spawning areas and the
PROGRAMMATIC ACTION 2A: Establish and potential adverse effects of boat traffic on the
enforce no wake zones within 50 yards ofspawning successofnativeDeltafishes.
important California black rail nesting areas in the
Delta from March tb June.
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SPECIES would help to improve survival of young and adult
delta smelt.

DELTA SMELT
LONGFIN SMELT

.IMPLEMENTATION OBJECTIVE: Ensure . the
recovery of this species, which is state andIMPLEMENTATION OBJECTIVE: Ensure the
federally listed as threatened. Recovery of deltarecovery of this species of special concern.

smelt would contribute to overall species richnessRecovery of longfin smelt would contribute to
and diversity and reduce conflict between thespecies richness and diversity and reduce conflict
need for its protection and other beneficial uses ofbetween the need for its protection and other

water in the Bay-Delta. beneficial uses of water in the Bay-Delta.

TARGET: Meet the goals of the Native FishTARGET: Meet the goals Of the Native Fish
Recovery Plan (US Fish and Wildlife ServiceRecovery Plan (US-Fish and Wildlife Service

1996), which include recovery goals tied to the 1996), which include recovery goals tied to the
fall midwater trawl survey and the distribution offall midwater trawl survey and the distribution of
catch in various zones of the trawl survey (*,,).catch in various zones of the trawl survey, and

catch goals in the Suisun Marsh trawl survey
PROGRAMMATIC ACTIONS: Restoring delta smelt (’’*).
will come indirectly from increasing March to
May Delta inflow and outflow, improving Delta PROGRAMMATIC ACTIONS: Restoration of

water temperature, improving Delta channellongfin smelt will come indirectly from:
hydraulics, improving the Delta aquatic foodweb,
improving aquatic wetland, and riparian habitats,[] increasing March to May Delta inflow and
and reducing stressors including the effects of outflow,
water diversions and contaminants.

¯ improving Delta water temperature,
RATIONALE: Meeting the targets of the Native
Fish Recovery Plan will indicate an increase in [] improving Delta channel hydraulics,
the delta smelt population. Without such an
increase, there wouM be no guarantee that [] improving the Delta aquatic foodweb,

recovery is occurring. Improved spring inflow and
outflow should benefit the population by [] improving aquatic wetland, and riparian
providing attraction flow to adults moving into the habitats, and
Delta to spawn, by stimulating aquatic foodweb~
production to help ensure young delta smelt [] reducing stressors including the effects of

survival, and byprovidingtransportflowtolarval water diversions, contaminants, and the

delta smelt to move them from the Delta into stocking of striped bass and chinook salmon

prime nursery habitat in the western Delta and in longfin smelt nursery areas of North San

Suisun Bay. Reducing water temperatures in the Francisco Bay.

Delta in spring and summer shouM benefit delta
smelt because they are a cool water species that RATIONALE." Meeting the targets of the Native

become stressed at highest Delta water Fish Recovery Plan will indicate an increase in
Improving channel hydraulics the longfin smelt population. Without such antemperatures.

wouM increase the aquatic foodweb and improve increase in the population, there would be no

spawning and rearing habitat. Reducing the guarantee that recovery is occurring. Improved

effects of water diversions and contaminants spring inflow and outflow should benefit the
population by providing attraction flow to adults
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moving into the Delta to spawn, by stimulating RATIONALE." Meeting the targets of the Native
aquatic foodweb production to help ensure young Fish Recovery Plan will indicate an increase in
lonfffin smelt survival, and by providing transport the splittail population. Without such an increase

flow to larval long[in smelt to move them from the there would be no guarantee that recovery is
Delta into prime nursery habitat in the western occurring. Improved spring inflow and outflow
Delta andSuisun Bay. shouM benefit the population by providing

attraction flow to adults moving upstream into the
Reducing water temperatures in the Delta in Delta and rivers to spawn, by increasingflooding
spring and summer shouM benefit lonfffin smelt as of riparian vegetation and flood plain processes
they are a cool water species that become stressed which provide important spawning habitat of
at highest Delta water temperatures. Improving splittail, by stimulating aquatic foodweb
channel hydraulics would increase the aquatic production to help ensure young splittail survival.
foodweb and improve spawning and rearing Reducing water temperatures in the Delta in
habitat. Reducing the effects of water diversions spring and summer should benefit delta smelt
and contaminants would help to improve survival because they are a cool water species that become
of young and adult long~n smelt. Reevaluation of .stressed a highest Delta water temperatures.
stocking striped bass and chinook salmon into Improving channel hydraulics would increase the
prime nursery habitats of longl~n smelt in San aquatic foodweb and improve spawning and
Pablo Bay and Suisun Bay would reduce rearing habitat. Improving shallowwater, slough,
predation on young longfin smelt. Alternative and wetland habitats should increase the
locations and time of stocking may limit predation spawning and rearing habitat of splittail.
on longfin smelt. Reducing the effects of water diversions and

contaminants would help to improve survival of
SPLITTAIL                      young and adult splittail.

IMPLEMENTATION OBJECTIVE: Ensure the WItlTE STURGEON AND GREEN STURGEON
recovery of this species which is proposed for
listing under the federal Endangered Species ActIMPLEMENTATION OBJECTIVE: P~estore the
(ESA). Recovery of splittail would contribute to distribution and abundance of the white sturgeon
overall species richness and diversity and reduceto historical levels to support a sport fishery and
conflict between the need for its protection randto assist in the recovery of the green sturgeon, a
other beneficial uses of water in the Bay-Delta. California. Department ofFish and Game species

of special concern. Meeting this objective would
TARGET: Meet the goals of the Native Fish reduce conflict between the need for their
Recovery Plan (US Fish and Wildlife Serviceprotection and other beneficial uses of water in
1996), which include recovery goals tied to thethe Bay-Delta..
fall midwater trawl survey and distribution of
catch in various zones of the trawl survey (,~).TARGET: Meet the goals of the Native Fish

Recovery Plan (US Fish and Wildlife Service
PROGRAMMATIC ACTIONS: Restoration of 1996), which include 100,000 white sturgeon and
splittail will come indirectly from increasing2,000 green sturgeon greater than 100 cm long as
March to May Delta inflow whicl~ will increase measured in the DFG mark-recapture pr, ogram
spawning area availability, improving Delta water(~).,
temperature, improving Delta channel hydraulics,
improving the Delta aquatic foodweb, improvingPROGRAMMATIC ACTIONS: Restoratiori of
aquatic wetland, and riparian habitats, andsturgeon will come indirectly from increasing

effects of water March to Delta inflow and outflow,reducingstressors including May
diversions and contaminants, improving Delta channel hydrau!ics, improving
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the Delta aquatic foodweb, and reducing stressorsPROGRAMMATIC ACTIONS: Restoring chinook
including effects of water diversions andsalmon populations will come indirectly from
contaminants, increasing March to May Delta inflow and

outflow; improving Delta channel hydraulics;
RATIONALE: Meeting the targets of the Native improving the Delta aquatic foodweb; increasing
Fish Recovery Plan will indicate an increase in shallow water, riparian, and wetland habitats in
the sturgeon populations. Without such an the Delta; and reducing stressors including effects
increase there would be no guarantee that of water diversions and contaminants.
recovery is occurring. Improved spring inflow and
outflow should benefit the populations by RArIoNa~-E: Meeting the targets of the Winter,
providing attraction flow to adults moving Run Chinook Salmon Recovery Plan, the Native
through the Delta into the rivers to spawn, by Fish Recovery Plan, and the Anadromous Fish
stimulating aquatic foodweb production to help Recovery Plan will indicate an increase in the
ensure young sturgeon survival, and by providing chinook salmon populations. Without such an
transport flow to larval sturgeon to move them increase ~there would be no guarantee that
from the rivers into prime nursery habitat in the recovery is occurring. Improved spring inflow and
Delta and Suisun Bay. Improving channel outflow should benefit the populations by
hydraulics would increase the aquatic foodweb providing attraction flow to adults moving
and improve juvenile rearing habitat. Reducing through the Delta into the rivers to spawn, by
the effects of water diversions and contaminants stimulating ~quatic foodweb production to help
would help to improve survival of young and adult ensure young survival, and by providing transport
sturgeon. flow to juvenile salmon to move them from the

rivers into prime nursery habitat in the Delta and
CHINOOK SALMON Bay. Improving channel hydraulics would

increase the aquatic foodweb and improve
IMPLEMENTATION OBJECTIVE-" Contribute to the juvenile rearing habitat. Reducing the effects of
recovery of the Sacramento winter-run chinookwater diversions and contaminants would help to
salmon, a species listed as endangered under theimprove survival of young and adult salmon.
federal and State Endangered Species Acts
(ESAs). Recovery of winter-run chinook, salmon STEELHEAD TROUT
would ensure species richness and diversity and
reduce conflict between the need for its protectionIMPLEMENTATION OBJECTIVE: The
and other beneficial uses of wate_r in the Bay-implementation objective for steelhead trout is to
Delta. The objective is also to contribute to theachieve naturally spawning populations of
restoration of Sacramento fall-run, spring-run,sufficient size to support inland recreational
late-fall-run, and San Joaquin fall-run chinookfishing and fully use existing and restored habitat
salmon to support viable sport and commercialareas. Meeting this objective would contribute to
fisheries, overall species richness and diversity and reduce

conflict between the need for its protection and
TARGET: Meet the goals of the Winter-Run other beneficial uses of water in the Bay-Del.ta.
Chinook Salmon Recovery Plan (National Marine
Fishery Service 1997), the Native FishesTARGET:’ Maintain the average cohort
Recovery Plan (U.S. Fish and Wildlife Service replacement rate of steelhead trout above 1.0
1996), and the Anadromous Fish Restorationduring the periodthat the species is rebuilding and
Program (U.S.Fish and Wildlife Service then maintain a replacement rate equal to or
1997(~#). greater than 1.0 when the species reaches

restoration goals set by the regulatory agencies
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PROGRAMMATIC ACTIONS: Restoring steelhead population level may require, at least in the short-
trout populations will come indirectly from term, supplementing young production through
increasing March to May Delta inflow and artificial rearing and stocking of young striped
outflow; improving Delta channel hydraulics;bass salvaged at south Delta fish facilities or
improving the Delta aquatic foodweb; increasingraised in hatcheries.
shallow water, riparian, and wetland habitats in
the Delta~ and reducing stressors including effectsRATIONALE." Meeting the targets of the Striped
of water diversions and contaminants. Bass Recovery Plan will indicate an increase in

the striPed bass population. Without such an
RATIONALF.: lmprovedspringinflowandoutflow increase there wouM be no guarantee that
should benefit the populations by providing recovery is occurring, lmproved spring inflow and
attraction flow to adult steelhead moving through outflow should benefit the populations by
the Delta into the rivers to spawn, by stimulating providing attraction flow to adults moving into
aquatic foodweb production to help ensure young and through the Delta to spawn, by stimulating
survival, and by providing transport flow to aquatic foodweb production to help ensure

steelhead to them from the rivers survival and by tojuvenile move young, providingtransport flow
into prime nursery habitat in the Delta and Bay. juvenile striped bass to move them from the rivers
Improving channel hydraulics would increase the and Delta into prime nursery habitat in the
aquatic foodweb and improve juvenile rearing western Delta and Suisun Bay. Improving channel
habitat. Reducing the effects of water diversions hydraulics would increase the aquatic foodweb
and contaminants would help to improve survival and improve juvenile rearing habitat. Reducing
of young and adult steelhead trout, the effects of water diversions and contaminants

would help to improve survival of young and adult
STRIPED BASS striped bass. Stocking of artificially reared striped

bass may be necessary to reach target levels of
IMPLEMENTATION OBJECTIVE: Restore its adults needed to support a quality fishery of
populatiori levels to those of the 1960s tostriped bass; however, such stocking of artificially
contribute to a recreational fishery in the Bay,reared striped bass should not come at the
Delta. Increased population levels of striped bassexpense of healthy populations of native resident
would reduce conflict between the need for itsand anadromous fish. However, the means to
protection and other beneficial uses of water indetermine if stocking is having andadverse effect
the Bay-Delta. on sensitive native and anadromous fish

populations are needed (e.g., conceptual models
TARGET: Meet the goals of the striped bass to project the impacts ofstripedbassstockingand
recovery program (California Department of Fisha monitoring program).
and Game 1997, in preparation), which include a
target of 2,000,000 to 3,000,000 adult fish as AMERICAN SHAD
measured in the DFGmarkrrecapturestudy
(~1,,~1,). ’ IMPLEMENTATION OBJECTIVE: Maintain

naturally spawning populations that will support
PROGRAMMATIC ACTIONS: Restoring striped sport fisheries similar to those that existed in the
bass will come indirectly from increasing March1960s and 1970s to contribute to the recreational
to May Delta inflow and outflow; improving use of the Bay-Delta. Meeting this objective
Delta channel hydraulics; improving the Deltawould reduce the conflict between the need for
aquatic foodweb;, increasing shallow water,protection of this species and other beneficial uses
riparian, and wetland habitats in the Delta; andof water in the Bay.-Delta.
reducing stressors including effects of water
diversions and contaminants. To meet target
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TARGET: The target for American shad is toTARGET: Meet the goals of the Native Fish ’ ¯
maintain production of young as measured in theRecovery Plan (US Fish and Wildlife Service
fall midwater trawl survey and targets of the1996), which include improving habitat of native
Anadromous Fish Restoration Program (US Fishfishes and restoring the population of Sacramento
and Wildlife Service 1997, in preparation), perch(@@@).
Specifically, the index of young American shad
production should increase, especially in dryI~ROGRAMMATICACTIONS: Restoration of native
water years(@@~), resident species will come indirectly from

increasing March to May Delta inflow and
I>ROGRAMMATICACTIONS: Restoring American o.utflow; improving Delta channel hydraulics;
shad populations will come indirectly fromimproving theDeltaaquatic foodweb; improving
increasing March to May Delta inflow and aquatic, wetland, and riparian habitats; and
outflow, improving Delta channel hydraulics,reducing stressors including effects of water 1
improving the Delta aquatic foodweb, anddiversions andcontaminants.
reducing stressors, including the effects of water
diversions and contaminants.                       RATIONALE: Meeting the targets of the Native

Fish Recovery Plan will indicate an increase in
I~4TIONAZE." Meeting the targets of the the native fishpopulations. Without such an
Anadromous FishRecovery Plan will indicate an increase there wouM be no guarantee that
increase in the American shad population, recovery is occurring. Improved spring inflow and
Without such an increase there would be no outflow should benefit the populations by
guarantee that the target is being met. Improved stimulating aquatic foodweb production. ¯
spring inflow and outflow should benefit the Improving channelhydraulics would increase the
populations by providing attraction flow to adults aquatic foodweb and improve spawning, rearing,
moving through the Delta into.the rivers to spawn, and feeding habitat of native resident fishes. ¯
by stimulating aquatic foodweb production to.help Reducing the effects of water diversions and
ensure young shad survival, and by providing contaminants would help to improve survival of
transport flow to juvenile shad to move them from young and adults. Improvements in habitats and
the rivers into prime nursery habitat in the lower reductions in stressors may allow the successful
rivers and Delta. Improving channel hydraulics reintroduction of Sacramento perch.
wouM increase the aquatic foodweb and improve
juvenile rearing habitat. Reducing the effects of BAY-DELTA AQUATIC FOODWEB 1
water diversions and contaminants would help to ORGANISMS
improve survival of young and adult shad

IMPLEMENTATION OBJECTIVE: Restore the ¯
RESIDENT FISH SPECIES estuary’s once-productive food base of aquatic

algae, organic matter, microbes, and zooplankton.
IMPLEMENTATION OBJECTIVE: Maintain and []
restore the distribution and abundance of residentTARGET: Increase populations and distribution of
native fish species, such as Sacramento blackfish,important foodweb organisms in Delta channels
hardhead, tule perch, and Sacramento perch, andand reduce competition with invasive non-native
non-native species, such as white catfish,species (~).I~¯
largemouth bass, and threadfin shad, to support a
sport fishery and healthy forage populations.PROGRAMMATIC ACTION: Actions in the 1
Meeting this objective would contribute to speciesSacramento-San Joaquin Delta Ecological Zone
richness and diversity and reduce conflict betweenthat will contribute to reaching the target for Bay-
the need for their protection and other beneficialDelta aquatic foodweb organisms include
uses of water in the Bay-Delta. improvements to ecological processes such as
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Central Valley streamflows, natural floodplainto March in known occupied habitats since rodent
and flood processes, and Delta channelburrows are required during the summer.
hydraulics; improving habitats such as~ tidalDraining pertinent water ways during the native
perennial aquatic habitat, Delta sloughs, and freshspecies’ dormant season cotild result in a
emergent wetland habitat; and the reduction orreduction in populations of large, introduced,
elimination of the adverse effects of stressors suchpredatory fish and bullfrogs.
as water diversion, dredging and sediment
disposal, invasive aquatic plants, invasive aquaticP~ITIONALE." Western spadefoot toad and
organisms, and contaminants. California tiger salamander populations have

declined primarily as a of habitat orresult loss
RATIONALE." Restoring populations of important degradation and competition or predation from
foodweb organisms through restoration of non-native species. The abundance from
important ecologicalprocesses, aquatic habitats, population to population is unknown but is
and reducing the effects of stressors will benefit influenced by the size and quality of habitat within
juvenile fishes that rear in the Delta. These the fragmentedpockets that the species are known
species include delta smelt, longfin smelt, chinook to inhabit.
salmon, and striped bass.

The western spadefoot toad is primarily a
WESTERN SPADEFOOT AND CALIFORNIA lowlands species, frequenting washes, river

.TIGER SALAMANDER floodplains, alluvial fans, playas, and alkali flats,
but also ranges into the foothills and mountain

IMPLEMENTATION OBJECTIVE." Assist in the valleys. Tiger salamanders~ typically inhabit
recovery of both species of special concern in thescattered ponds, intermittent streams, or vernal
Bay-Delta in order to contribute to overall speciesp.ools that are associated with grassland-oak
richness and diversity and reduce conflict betweenwoodland habitat below Elevation 1500. Vernal
the need for their protection and other beneficialpools covering more than 250 square feet, with
uses of water in the Bay-Delta. fairly turbid water, provide optimal habitats.

Most surface movements of the western spadefoot
TARGET: Increase populations of amphibians.and California tiger salamander, including

particularly tiger salamanders and spadefootbreeding activity, are associated with the onset of

toads by increasing natural .flood plains,late-winter and early spring rains that fill
traditional breeding ponds. Warm days followedstream meander, seasonalpools, and
by rains or high humidity levels at night trigger

perennial grasslands (¯). reproductive and foraging activities and adults of
these species sometimes in large numbers.appear

PROGRAMMATIC ACTIONS: These species will
benefit indirectly from restoration of naturalThe greatest threat to the continued existence of
flood plains. A regulated management grazingboth species is habitat loss and competition by
program could benefit vernal pool habitats thatnon-native species. Habitat loss is a result of
support these species. Mowing and cattleincreased urbanization and conversion of native
grazing should be minimized near seasonalgrasslands to agriculture. The spadefoot and
wetlands utilized by either species from October. salamander may be found in high densities in
to March. Reduce mortality from vehicle deaths,isolated areas but adjacent breeding habitat is
e~pecially during the brief window when tigerincreasingly being converted for other uses.
salamanders and spadefoots are migrating by
locating restored habitat in areas well removedIntroduction of predatory fish and bullfrogs in
from regular vehicle traffic. Reduce fumigants to. known breeding ponds is also an important factor
control rodents should be used only from Octoberattributed to the decline of these species. Juvenile
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bullfrogs are thought to compete with andprey on agricultural practices such as discing, mowing,
larvae of these native species. Other important . burning, and application of herbicides and
stressors that affect the spadefoot and salamander pesticides.
are rodent control activities, which reduce the
availability of summer estivation (burrowing) Restoring the habitats for this species will also
sites, and development of roads between breeding result in restoration of habitat for special status
ponds and terrestrial habitats, resulting in deaths plant species and rare plant associations.
from automobiles during the species" migrations.

The introduction of non-native fish, bullfrogs,
CALIFORNIA RED-LEGGED FROG and crayfish has reduced the distribution of red-

legged frogs throughout their range. These

IMPLEMENTATION OBJECTIVE." Restore the species prey and larval, juvenile, and adult red-
di’stribution and abundance of red-legged frog tolegged frogs. Restoration of this spec.ies requires
levels that will help assist in its recovery,quality aquatic habitats that are protectedfrom
Recovery of this species will contribute to overallinvasion by non-native species and other human

species richness and diversity and reduce conflictinduced disturbances associate with land use
between the need for its protection and otherpractices. In addition, proper water management

beneficial uses of land and water in the Bay-techniques in the canals, side channels, backflow
Delta. ¯ pools, and ponds can discourage the

establishment of predatory species such as
TARGET 1: Create viable, self-sustainingbullfrogs and non-nativefish species.
populations of red-legged frog while enhancing
existing and restored aquatic habitats for other GIANT GARTER SNAKE AND WESTERN
native species (~). POND TURTLE

PROGRAMMATIC ACTION 1A: Develop IMPLEMENTATION OBJECTIVE: Assist in the

watershed management plans to protect riparianrecovery of the giant garter snake, a federally
and wetland areas occupied by red-legged frogs,listed threatened species, and the western pond

turtle, a species of special concern. Meeting this
TARGET2: Manage restored aquatic and wetlandobjective would contribute to species richness and
habitat to minimize predation on red-legged frogdiversity and reduce conflict between the need for
by non-native fish, bullfrogs, and crayf’mh (~). their protection and other beneficial uses of land

and water in the Bay-Delta.
I:~’ROGRAMMATIC ACTION 2A: Reduce exotic
predators such as bullfrogs, black bass, sunfish,TARGET: Restore at least five core areas of
and crayfish and restore habitat by creatingsuitable habitat, each consisting of about 500
canals, side channels, and backflow poolsacres in each of the North, East, and South Delta
containing emergent vegetation. Provide theecological units (~).
critical components of reproductive, forage and
escape cover. PROGRAMMATIC ACTIONS: Enhance existing

poor habitats and restore new habitats in historical
RATIONALE: In areas where livestock graze in wetlands, grasslands, and upland areas.
watersheds inhabited by red-legged frogs,

plans should be developed to protect RATIONALE: Restoration of the giant garter snakemanagement
habitats and increase the potential of maintaining and western pond turtle will come indirectly from
adequate water quality, especially in drought restoration of large areas of native Delta marshes

Also, manage habitats occupied by red- and adjacent grasslands in areas where remnantyears.
legged from to avoid or minimize, detrimental
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habitats and populations of the snake and turtle TARGET: Enhance and restore tidal marshes and
now exist, adjacent perennial grassland habitats in the Delta

SWAINSON’S HAWK
PROGRAMMATIC ACTIONS: Restoring tidal

IMPLEMENTATION OBJECTIVE: Assist in the marsh habitat would indirectly benefit California
recovery of this State-listed threatened species,black rail population.
Recovery of Swainson’s hawk would contribute to
species richness and diversity and reduce conflictRATIONALE: Restoring large areas of freshwater
between the need for its protection and othermarsh is necessary to the recovery of the black
beneficial uses of land and water in the Bay-Delta.rail, because it was uniquely dependent on the

marshes that once dominated the landscape of the
TARGET: Restore nesting density to nine nestingBay-Delta. Targets and programmatic actions to
pairs per 100 square miles; improve foragingrestore freshwater marshes, perennial grassland,
habitat on Delta land; and increase riparian forestand agricultural lands are presented in the
and oak woodlands (OO,). habitat section of the implementation objectives,

targets, and programmatic actions for the
PROGRAMMATIC ACTIONS." Restore riparian Sacramento-San doaquin Delta Ecological Zone.
woodlands and wildlife habitat valuesimprove
agricultural lands. (Note: Please ~efer to the GREATER SANDHILL CRANE
implementation objectives, targets, and
programmatic actions in the habitat section of the IMPLEMENTATION OBJECTIVE: Assist in the
Sacramento-San doaquin Delta Ecological Zone recovery of this State-listed threatened species.
for acreages and general areas for restoration of Recovery of the greater sandhill crane would
riparian, perennial grassland, and agricultural contribute to species .richness and diversity and
lands.) reduce conflict between the need for their

protection and other beneficial uses of land and
RATIONALE: Because Swainson’s hawks are water intheBay-Delta.
migratory birds and dependent on many factors
outside the Delta, improvement of habitat, TARGET: Establish two new suitable roosting
especially breeding habitat in the Delta, is an habitat areas in the Delta; enhance foraging
important piece of their recovery. Restoring habitat on agricultural lands; restore perennial
riparian forest habitat will provide breeding grasslands in the East Delta ecological unit, and
habitat, and improving wildlife habitat on restore seasonally managed nontidal marshes in
agricultural lands will provide the necessary the East Delta ecological unit (,OO). ’
foraging habitat for breeding hawks.

PROGRAMMATIC ACTIONS: Restoring nontidal
CALIFORNIA BLACK RAIL emergent wetland, perennial grasslands, seasonal

wetlands, and agricultural foraging habitat would
IMPLEMENTATION OBJECTIVE: Assist in the indirectly benefit the greater sandhill crane
recovery of this State-listed threatened species,population.
Recovery of the California black rail would
contribute to species richness and diversity andRATIONALE: Restoring large areas of freshwater
reduce conflict between the need for its protectionmarshes and perennial grasslands adjacent to
and other beneficial uses of land and water in the.agricultural lands with enhanced foraging value
Bay-Delta. for cranes will help their recovery. Programmatic

actions to contribute to improved habitat for the
greater sandhill crane are presented in the habitat
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¯
section of the implementation objectives, targets, rabbit; each population should have a self- ¯
and programmatic actions for the Sacramento- sustaining populations with a minimum of 250
San Joaquin Delta Ecological Zone. individuals ~ each. Maintain and establish

connectivity between key habitats.
SHOREBIRDS AND WADING BIRDS

PROGRAMMATIC ACTION 1B: Prohibit ground
IMPLEMENTATION OBJECTIVE: Maintain and cover and litter removal to allow for dense
restore the distribution and abundance ofbrushy and herbaceous areas of a minimum size
shorebirds and wading birds to contribute toof 550 square yards within the riparian forest.
speciesrichness and diversity and reduce conflict ¯
between the need for their protection and otherPROGRAMMATIC ACTION 1C: More closely
beneficial uses of water in the Bay-Delta. approximate the natural hydrological regime

1
which allows for establishment and maintenance ¯

TARGET: Improve populations and distribution ofof mature riparian forest habitat. Additionally,
shorebirds and wading birds (~.).. encourage growth of wild rose, coyote bush,

blackberries, elderberries, wild grape, box elder,
PROGRAMMATIC ACTIONS: Shorebirds and valley oak, and cottonwoods to.provide habitat.
wading birds will indirectly benefit from
restoration of wetlands and tidal and nontidalI~ROGRAMMATIC ACTION 1D: Provide high 1
perennial aquatic habitat (ponds and lakes), ground adjacent to current and expanded habitat

with cover for protection from floods. Existing
RATIONALE: Restoring large areas of freshwater flood control levees adjacent to the Park could be ¯
marshes and adjacent ponds and lakes will utilized for this escape habitat in this area to
provide feeding and nesting habitat for many provide sufficient vegetative growth of grasses,

¯ species ofshorebirds and wading birds, forbs, and shrubs to lower predation pressure
during these times.

RIPARIAN BRUSH RABBIT
laROGRAMMATIC ACTION 1E: Provide fire breaks 1

IMPLEMENTATION OBJECTIVE: Restore the around current and expanded habitat to protect 1
distribution and abundance of the riparian brushhabitat destruction due to wildfire and control
rabbit to levels that will help assist in itsferal cat and dog population with yearly control

efforts within and adjacent to the Park. Prohibit ¯recovery.
dogs within Caswell Memorial State Park:

TARGET 1: Increase the population of riparian
brush rabbits by 200 percent over currentRATIONALE: The remaining population of 1¯ estimates so that a census of the riparian brushriparian brush rabbit is restricted to remnant San
rabbit population would be two times higher thanJoaquin Valley riparian forests with dense brushy
the current estimate of 213 to 312 individualsunderstory. Unlike other rabbits, the riparian 1
( ~). brush rabbit occupies riparian forests that have

an ample brushy understory within natural
PROGRAMMATIC ACTION 1A: Reestablish 500 floodplains. These floodplain riparian forests
acres of large contiguous areas of riparian forestmust be attached to suitable upland areas for
habitat that have dense brushy understories withcover and retreat from " annual floods.
adjacent    upland    habitat. These Historically, this species’ habitat was throughout l
restored/reestablished riparian forests would havethe floodplain on the valley floor in northern San
adjacent upland habitat with sufficient cover.Joaquin Valley, including the Delta, but the
Establish five additional populations elsewhereoriginal forest and floodplain have been

within the historic range of the riParian brushreclaimed, cleared, altered, and degraded.

~ ~
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The remnant population of riparian brush rabbit the riparian brush rabbit and for the desert
is now restricted to 260 acres of remaining native cottontail. The desert cottontail presents two
riparian forest along the Stanislaus River in threats: one.from competition and the other
Caswell Memorial State Park in southern San from diseases common to rabbits and carried
doaquin County in the East San doaquin Basin by the species. These diseases are typically
Ecological Zone. It is considered the most contagious and fatal; any disease becomes
sensitive mammal in California because of its epidemic in this small and restricted
susceptibility to floods, fire, disease, predation, population of rabbits.
disturbance, and flood control activities. The
large-scale loss of riparian forest has resulted in WATERFOWL
over a 99% decline in the riparian brush rabbit
population from historical levels. A population idVlPLEMENTATION OBJECTIVE: Maintain and
census of the during January 1993, restore the distribution and abundance ofconducted
found that the current population size ranges from waterfowl to contribute to species richness and
about 210 to 310 individuals, diversity and reduce conflict between the need for

their and other beneficial ofprotection uses water
Overall, the decline of the riparian brush rabbit in the Bay-Delta.
was caused by the destruction, fragmentation, and
degradation of the San Joaquin Valley native TARGET: Improve populations and distribution of
riparian forest habitat. Less than 6% of the waterfowl (~).
original habitat remains. Remaining suitable
habitat is so severely fragmented that the rabbit PROGRAMMATIC ACTIONS: Waterfowl will
has no means of naturally dispersing to other indirectly benefit from restoration of sloughs,
areas and establishing additional populations, marshes, riparian, and tidal and nontidal ponds
Because the remaining riparian brush rabbit and lakes.
population occurs within one small area, any of
the following events threaten the remaining RATIONALE: Restoring large areas of riparian
population." habitat freshwater marshes, and adjacent ponds

and lakes will provide feeding and nesting habitat
¯ Caswell Memorial State Park is subject to for many species of waterfowl.

periodic flooding that often inundates the
entire area. Without adequate cover on UPLAND GAME
adjacent upland areas, the rabbits become
easy targets for both native and non-native IMPLEMENTATION OBJECTIVE: The

implementation objective for upland game is topredators.

restore and maintain healthy populations at levels
¯ The normal buildup of downed logs, dried       that can support both consumptive and

vegetation, and ground litter in the riparian andnonconsumptiveuses. Maintaining restoring
forest increases the potential severity of the distribution and abundance of the upland
wildfires. Although this type of habitat is game in the Delta will contribute to overall
preferred and typically occupied by the richness and and reduce conflictspecies diversity
riparian brush rabbit, any wildfire occurring between the need for its protection and other
within the remaining habitat could cause beneficial uses of land and water in the Bay-Delta.
direct mortality as well as massive habitat
destruction. TARGET 1: Increase the populations and

distribution of upland game (0,~).
¯ Human activities have modified the habitat.

The modified habitat has "selected" against
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PROGRAMMATIC ACTION 1A: Upland game will ¯ improve specific nesting habitats for
indirectly benefit from restoration of wetlands, individual species within their existing and
perennial grasslands, riparian, and improved restored habitats, and
management of agricultural lands in the Delta.¯ protect nesting habitats from predators and

human disturbance.
PROGRAMMATIC ACTION 1B: Provide high
ground adjacent to current and expanded habitatRATIONALE: The neotropical migratory bird
with cover for protection from floods. Existing guild comprises bird species that breed in North
flood control levees adjacent to agricultural landsAmerica and winter in Central and South
could be utilized for this escape habitat in thisAmerica.    Representative species of the
area to provide sufficient vegetative growth ofneotropical migratory birdguild are the western
grasses, forbs, and shrubs to lower predationkingbird, western wood-pewee, tree swallow, cliff

during these times and when adjacentswallow, northern oriole, Wilson’s warbler, andpressure
lands are fallow, yellow-breasted chat. Individual visions are

developed for some neotropical migrants, such as
RA TIONALE." Restoring populations of upiand the Swainson’s hawk and yellow-billed cuckoo,
game with a focus on ring-necked pheasant and and those visions contain more specific targets
morning dove will improve the status of these two relating to those species. All species of the
species in the Delta. Actions prescribed to neotropical migratory bird guild.depend on the
improve seasonal wetlands~ riparian, and flora of California to forage and reproduce,
enhanced agriculture using wildlife friendly typically from about May until September. The
farming methods will benefit both species, birds normally spend the rest of the year in
Enhancing nesting for both species and Central andSouthAmerica.
maintaining the productivity of the area’s

¯ seasonal wetlands, riparian, and remaining Neotropical birds occur throughout the California
agricultural lands will continue to support and are associated with most of California’s
healthy populations of upland game dependent on habitat types, including forested woodlands,
this ecological zone. riparian and montane riparian habitats,

unforested lowlands, grasslands, shrub habitats,
N£OTROPICAL MIGRATORY BIRDS         valley foothill hardwood, valley foothill

hardwood-conifer, and wetlands. Population
IMPLEMENTATION OBJECTIVE: Maintain levels of many of these species has declined,healthy
populations in order to contribute to overallprimarily as a result of the loss and degradation
species richness and diversity and reduce conflictof habitats on which they depend, both in
between the need for their protection and otherCalifornia and on their Central and South
beneficial uses of land and water in the Bay-Delta.American wintering areas. In California, the

quality and quantity of important neotropical
TARGET: Increase the abundance and distribution migrant bird habitats have been substantially
of neotropical migratory birds in the Centralreduced primarily by their conversion to
Valley (~.). agricultural, industrial, and urban uses, and land

use practices that degrade the values provided by
PROGRAMMATIC ACTIONS: The following types these habitats. Achieving the implementation
of general programmatic actions will assist inobjectives for the western yellow-billed cuckoo
meeting the target for neotropical migratory birds:and Swainson’s hawk will also help achieve the

implementation objectives for other neotropical
¯ increase wetland, riParian, grassland, and migratory birds as well.

agricu.ltural habitats,
¯ improve watershed health,
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LANGE’S METALMARK, DELTA GREEN overgrazing, and dredging will all help increase
GROUND BEETLE, VALLEY ELDERBERRY the populations of this species.

LONGHORN BEETLE
RATIONALE: The preferred habitat of Lange’s

IMPLEMENTATION OBJECTIVE:       The metalmark, a butterfly, is inland dune scrub. The
implementation objective for the Lange’sLange’s metalmark is dependent on its host plant,

Metalmark, Delta Green Ground Beetle, andnaked buckwheat. The present range ofLange’s
Valley Elderberry Longhorn Beetle is to assist inmetalmark has been reduced to only 15 acres of

the recovery of these special status species,suitable habitat within the Antioch Dunes
Recovery of these species will contribute toEcological Reserve. Over a 9-day sampling
overall species richness and diversity and reduceperiod in 1977, biologists estimated that only 400
conflict between the need for their protection andadult butterflies remain at the Little Corral site.
other beneficial uses of land and water in the Bay-A wide variety of stressors (e.g., land use,

Delta. Restoring the habitats for these specieswildfire, non-native plant species, gravel mining,
will result in the restoration of important ~ind rarefences, and human-related disturbance) that
plant associations, degrade this species’ habitat have contributed to

the endangered status of Lange’s metalmark.
TARGET 1: Increase populations of Lange’s
Metalmark by increasing Antioch inland duneThe delta green ground beetle is found at the

habitat. Increase the area of suitable habitat to 60Jepson Prairie Preserve in Solano County, which
acres from the only 15 acres of suitable habitatis in the Yolo Basin Ecological Zone. The delta

within the Antioch Dunes Reserve. green ground beetle and its soft-bodied preyEcological
Increase the population of adult butterflies at thespecies depend on moist enviro’nments such as

Little Corral site by doubling late 1977 population those provided by Olcott Lake and vernalpools

estimates of 400 to 800 (4,4,). within the Jepson Prairie Preserve. Vernalpools
and aquatic s.easonal habitats supply the critical

PROGRAMMATIC ACTIONS: Increase populations needs of the delta green ground beetle.

of Delta Green Ground Beetle by establishingEntomologists believe that appropriate conditions

and securing habitat to support three additionalfor the species are found in open, moist habitats

viable and self-sustaining colonies of the Deltawith limi.ted vegetative cover.

green ground beetle and maintain the existing
populations. Since 1974, entomologists have seen or collected

¯ only 75 adult delta green ground beetles in the

Increase populations of Valley Elderberrypreserve area. Although the historical

Longhorn Beetle by expanding and linkingdistribution of the delta green ground beetle is

isolated areas supporting populations of Valleyunknown, the widespread disruption of wetland

elderberry longhorn beetle along portions ofand grassland habitats in the Central Valley over

Putah Creek and Delta channels; minimizing thethe last 150years strongly suggests that the range

use of herbicides, insecticides, and other toxicof the beetle has been reduced and fragmented.

substances; and promoting elderberry habitat byToday, the beetle predominately inhabits the
borders of vernal pools and Olcott Lake at theremoving 50% of the exotic plants (e.g. Chinese

tree-of-heaven, black locust, scotch broom)Jepson Prairie Preserve. The primary threats to

found in existing elderberry beetle habitat,the survival of the delta green ground beetle have
been, and continue to be, loss and alteration of itsMinimizingtheuseof herbicides,insecticides,

and other toxic substances and preventing orwetland habit~tprimarily because of agricultural

minimizing activities that are incompatible withconversion (i.e., the plowing and leveling of
land); grazing; river channelization; andhabitatmaintenance:including .riprappinglevee

construction, agricultural land conversion,
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construction of dams, drainage ways, and that abut rivers, backwaters, or seeps. The
pipelines, cuckoo, is limited .to some reaches of the

Sacramento River, Sanborn Slough in the Butte
VELB has been found only in association with its Sink, and the Feather River. The population of
host plant, elderberry (Sambucus spp.), this species is critically low.
Elderberry is a component of the remaining
riparian forests and adjacent grasslands of the Dense, large patches of willow-cottonwood
Central Valley. Entomologists estimate that the riparian habitat are the preferred nesting habitat
range of this beetle extends from Redding at the for this neotropical migrant. This habitat was
northern end of the Central Valley to the once much more common, particularly along the
Bakersfield area in the south. Important stressors Sacramento and San Joaquin Rivers; however,
on VELB are fragmentation of riparian habitat; Conversion of land to agriculture, urbanization,
grazing; and excessive collection of the species and flood control projects have caused the loss of
for commercial, recreational, scientific, or habitat. Other stressors that continue to
educational purposes. Local populations can also adversely affect the species are loss of habitat as
be severely damaged by pesticides inadvertently a result of bank protection projects, mortality
drifting from nearby agricultural lands into associated with non-native nest parasites and
occupied habitat areas, predators, and inadvertent drift of some types of

herbicidesandpesticidesinto habitat
Restoring of vernal pool habitats, inland dune

areas.

scrub, and riparian forest complexes with a REFERENCES USED TO
significant elderberry composition will improve
the status of these three species in the Bay-Delta. DEVELOP THE VISION FOR THE

SACRAMENTO-SAN JOAQUIN
WESTERN YELLOW-BILLED CUCKOO

DELTA ECOLOGICAL ZONE

IMPLEMENTATION OBJECTIVE: Assist in the
recovery of this State-listed endangered species.Alevizon, W., J. Monroe, P. Fox, K. Levy, R.

Bailey, R. Fujita, and C. Hanson. 1996.Recoveryof the westernyellow-billedcuckoo
would contribute to species richness and diversity Habitat restoration in aquatic ecosystems: A

and reduce the conflict between the need for its review of the scientific literature related to the
and other beneficial uses of land and principles and practice of habitat restoration.protection

water in the Bay-Delta. Prepared for the CALFED Bay-Delta
Program.

TARGET: Improve riparian forest habitat in the
Delta (~). Anderson, L. W. J. 1990. Aquatic weed problems

and management in North America. Pages

PROGRAMMATIC ACTIONS’- Improve and restore 371-405 in H. Pieterse and K. J. Murphy
riparian forest habitat. (eds.). Oxford University Press. New York,

NY.
P~ITIONALE: Historically, the yellow-billed
cuckoo, commonly occurred from the Mexican Atwater and Belknap. 1980. Tidal-wetland
border along the coast belt through the San deposits of the Sacramento-San Joaquin
Francisco Bay region as far as Sebastopol, Delta, California. In: M.E. field, A.H. Bouma,
Sonoma County, andthrough the Sacramento and I.P. Colburn, R.G. Douglas, and J.C. Ingle,

San Joaquin Valleys. Yellow-billed cuckoos Eds. Quaternary Depositional Environments
inhabit extensive deciduous riparian thickets or of the Pacific Coast: Pacific Coast
forests with dense, low-level or understory foliage Paleogeography Symposium 4, Proceedings

~ C~
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fish in the Central Valley of California. May                                                         I
30, 1997.

¯1996. Recovery plan for the
Sacramento/San Joaquin San Joaquin Delta
native fishes. U.S. Fish and Wildlife Service.

Zedler, J. B. 1992. Invasive exotic plants in
coastal wetlands. Department of Biology, San
Diego State University. San Diego, CA.
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SUISUN MARSH/NORTH SAN FRANCISCO BAY
ECOLOGICAL ZONE

INTRODUCTION Bay. Many marine (ocean) species depend on the
North Bay as nursery area for young, including

Suisun Marsh and North San Francisco Bay arePacific herring, northern anchovy, and Dungeness

the portions of San Francisco Bay downstream ofcrab. Native resident fish, including longfin smelt,

the Delta and upstream of Central San Franciscodeltasmelt,andsplittail,spendmuchof theirlives

Bay. These areas include San Pablo and Suisun
within the North Bay and marshes. Considerable

Bays and the adjacent Suisun Marsh. North Bayareas of waterfowl and wildlife habitat occur on

was once bordered on the north by extensiveand along the margins of the North Bay and in the

marshes. Baylands alteration has now reduced themarshes.

marshes to northern San Pablo Bay and Suisun
Bay, including Petaluma, Napa, and Suisun

Ecological factors having the greatest influence

Marshes. Healthy marshes provide manyon North Bay and marsh fish and wildlife include

ecological benefits including very highfreshwater inflow from rivers, wetlands, riparian
(waterside) vegetation, and aquatic habitatproductivity, flood moderation and shorelinediversity. Stressors include water diversions, poorprotection. Many of the tidal emergent marshes

have been reclaimed for agriculture, salt
water quality, legal and illegal harvest, wave and

~roduction, duck clubs, and managed freshwaterwake erosion, and introducing exotic (non-native)

marshes. These lands are protected from floodingplant and animal species.

by hundreds of miles of levees. Remnants of the
tidal salt marshes remain along the margins of San DESCRIPTION OF THE ZONE
Pablo and Suisun Bay.

The Suisun Marsh/North San Francisco. Bay.
Suisun Marsh and North San Francisco BayEcological Zone (Figure 7)is the westernmost
support many species of native and non-nativezone of the Ecosystem Restoration Program Plan
fish, waterfowl, shorebirds, and other wildlife. All (ERPP). Its eastern boundary is the Collinsville
Central Valley anadromous (migrating betweenarea, and to ~e west it is bounded by the western
ocean and rivers) fish migrate through the Northend of San Pablo Bay. The northern boundary
Bay and depend on the North Bay ma_d marshes forfollows the ridge tops of the Coast Ranges and
some critical part of their life cycle. Many Pacificincludes the Petaluma River, Sonoma Creek, the
Flyway waterfowl and shorebirds through or Napa River, and San Pablo Bay. This ecologicalpass
winter in the North Bay and marshes. The Northzone is composed of five ecological units:
Bay and adjacent marshes are important nursery
grounds for many marine, estuarine (river mouth),̄ Suisun Bay and Marsh,
and anadromous fish species. Four races of̄ Napa River,
chinook salmon, steelhead, green and white" SonomaCreek,
sturgeon, striped bass, and American shad migratē Petaluma River, and
through the Delta on their journey between thē . San Pablo Bay.
Pacific Ocean and Central Valley spawning rivers.
Young salmon-may spend important weeks andHistorically, San Francisco Bay included more
months feeding in the North Bay and marshesthan 200,000 acres of tidal saline emergent
before migrating to the ocean. Many sturgeon andwetland habitat. Today, only about 15% (35,000
striped bass spend much of their lives in the Northacres) remains. Salt ponds, developed from tidal
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saline emergent wetland habitat, comprise aboutspecies of native marine, estuarine, freshwater,
35,000 acres, and anadromous fish also depend on this habitat

type for. important parts of their life cycles. Fish
The important habitat types in the Suisunspecies that continue to depend on tidal marshes ¯
Marsh/North San Francisco Bay Ecological Zone and adjoining sloughs, mudflats and embayments
are tidal perennial aquatic habitat, tidal saline(small bays or coves)include delta smelt, longfin
emergent wetland, seasonal wetland, perennialsmelt, chinook salmon, green and white sturgeon, 1
grassland, agricultural land, and riparian habitat.Pacific herring, starry flounder, splittail, and
The separation of wetlands fr6m tidal flows andstriped bass.
the reclamation of emergent wetlands have altered
ecological processes and functions in SuisunSubmerged aquatic vegetation (SAV), especially
Marsh and the North Bay. Removing tidal actionseagrass, communities and habitats provide
from the marsh and baylands soils has resulted invaluable habitat for fish and invertebrates in the 1
oxidation of the soil and, subsequently,San Pablo Bay and north San Francisco Bay and
subsidence (settling) of interior islands andis an important foraging habitat for waterfowl.
adverse changes in wetland soils chemistry.San Pablo Bay contains the greatest acreages of ¯
Losing these processes and functions has reducedseagrass of any water body in the Bay-Delta
available habitat for native species of fish, plants,system. The relative present-day rarity of

seagrass beds suggests it could be considered a ¯
habitat of special concern in the system.

Unimpaired Monthly Average Flow
Ecological processes essential to a healthy Suisun ¯
Marsh and San Francisco Bay include freshwater

s0000 inflow, flood and floodplain processes, and

s0000 aquatic foodweb processes. The disruption of

~4o0oo ecological processes in this zone, such as |
~ aoooo

separating wetlands from tidal flows, has

~" 20000 prevented the marshes from the accretion of

1 oooo ~ bottom sediments necessary to keep up with sea

0 level rise, reduced nutrient input to the zone, and

J F M A M J J A S O N D
reduced the output of other organics and fixed
nutrients.

I~ Normal Year    ~ Dry Year

Unimpaired DeltaOuttlow, 1972-1992 (Dry year is the 20th Freshwater inflow to the Bay is the physical
percentile year; normal year is the 50th percentile or process with the greatest influence on aquatic and

median year.) wetland habitats, the many species of plants and
animals that use th~ Bay, and the concentrations

and wildlife; reduced water quality; and decreasedof pollutants in the marshes and North Bay.
the area available for dispersing floodwaters andFreshwater inflow to the North Bay varies greatly
depositing suspended silt. from year to year. In 70 years of historical record,

Bay inflow has ranged from a high of 50 million ¯
Species that have been affected include the saltacre-feet (at’) to a low of 8 million af, with an
marsh harvest mouse, California clapper rail,average of approximately 24 million af.
California black rail, waterfowl, shorebirds, ¯
Suisun shrew, and many other wildlife species.During this period, freshwater inflow to the Bay
Many special-status plant species, including thehas changed markedly because of upstream water
soft-haired bird’s beak, Suisun thistle, and Suisunstorage in reservoirs and water-supply diversions
aster, have also been adversely affected. Manydeveloped in 1940s, 1950s, and 1960s. Spring 1
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I freshwater inflows, which once averaged 20,000 flows in most high rainfall years may be relatively
to 40,000 cubic feet per second (cfs) in dry yearsunchanged, very large, floods can devastate

i and 40,000 to 60,000 cfs in normal years, now shoreline areas of the North Bay due to loss of
average only 6,000 to 10,000 efs in dry years andfloodplain and flood basin .storage and other
15,000 to 30,000 cfs in normal years. In the driestdampening effects of floods.

i years, spring freshwater inflows from the Delta
were formerly 8,000 to 14,000 cfs; presently these Aquatic foodweb productivity in the North Bay
flows average only 2,500 to 3,000 cfs. In dry and has declined over the past several decades due to
normal years, summer flows have remained in theseveral factors, including loss of tidal exchange,I range 4,000 to 8,000 cfs, changes inflow, conditions,of becausechannels in freshwater Delta
carry irrigation water and Delta outflow needed towater diversions, water quality, and the
meet water quality criteria in the Delta. Winterintroduction of exotic species. Foodweb

I freshwater inflows from the Delta in dry andproductivity, beginning at the primary production
normal years have been reduced from formerlevel (i.e., plant cell production), is essential to
levels of 15,000 to 60,000 cfs to current levels of maintaining important fish population. Primary

I 7,000 to 35,000 cfs because much of the runoffproductivity in the North Bay and adjacent
from winter rains and snowmelt is now stored inmarshes depends on spring freshwater flow events
foothill reservoirs. Flows in highest rainfall yearsto bring in essential nutrients and recycle nutrients

I are relatively unchanged, although short-termin the marshes. Primary productivity has been
peaks are reduced by flood-control storage in limited by heavy infestations of Asian clams that
large foothill reservoirs, efficiently filter algae from the water column thus

I reducing the standing crop of phytoplankton.
Historical Monthly Average Flow

With the reclamation of tidal marshes in the North

i Bay, there was an accompanying loss of shallow-
water aquatic habitats on which many marine,

~ estuarine resident and anadromous fish and
_25o00- estuarine invertebrates depend. Shallow-water

I ~ aoooo - habitats around the North Bay provide spawning
~ 15oo0 - and rearing habitat for many native resident Bay-
" 1 o000 - Delta fishes and important rearing and migratory

I habitat for Central Valley salmon and5000 many

steelhead populations. Tidal perennial aquatic
J F M A M J J A S O N D habitat benefits native waterfowl, wading and

I shorebirds, and other wildlife, as well as nativeNormal Year Dry Year
p]ants that depend on such habitat.

Historical Delta Outtlow, ]972-]992 (Dry year is the 20th

i percentile year; normal year is the 50th percentile or
rnedian year.) Lakes and ponds (nontidal perennial aquatic.

habitats) found behind levees on reclaimed islands
Natural flood and floodplain processes are thesupport simple invertebrate communities, riparian

I periodic inundation of the floodplain during tidalhabitat, and wintering waterfowl. Such habitaf
cycles and peak flow events that would typicallywithin the North Bay also benefits waterfowl, as
occur in late winter and spring during all but thewell as many plant and wildlife species.

I driest years. Land reclamation and levee
construction have eliminated much of the naturalAfter more than: 100 years of land reclamation
North Bay floodplain. This floodplain reductionactivities in the North Bay and marshes, many

I forces water to rapidly exit the marshes find bayslinear miles of natural sloughs have been lost.
through confined channels and sloughs. While~Sloughs are important spawning and rearing areas
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¯
for many Bay-Delta fish species, as well asan important transition habitat for many wildlife []
waterfowl and other wildlife. Of the natural species and are buffers to protect wetland and
sloughs that remain, most have severely degradedriparian habitats. Much of the grassland habitat
natural habitat values from loss of the tidal prism,associated with wetlands has been lost to |
dredging, levee confinement, riparian vegetationagriculture (i.e., pasture, grain, vineyards, and
loss, high water flow, and poor water quality (i.e.,orchards) and development (i.e., home
from municipal, industrial, and agriculturalconstruction, golf courses). Grasslands are |drains), important buffers for wetland habitat and provide

habitat for many plant and animal species.
Tidalmarshes(including tidal perennial aquatic 1
habitat, saline emergent wetlands, tidallyRiparian habitat, both forest and shrub, is found
influenced fresh emergent wetlands, and sloughs),on the water and land side of levees, berms, berm
once the most widespread habitat in the Bay-islands, and in the interior of some islands. This 1
Delta, are now restricted to remnant patches,habitat ranges in value from disturbed (i.e.,
There have been extensive losses of salinesparse, low value) to relatively undisturbed (i.e.,
emergent wetland habitat in the North Bay anddense, diverse, high value). The highest value I
adjacent marshes. Most of the remaining salineriparian habitat has a dense and diverse canopy
emergent wetlands lack adjacent upland transitionstructure with abundant leaf and invertebrate
habitat and other attributes of fully functioningbiomass. The canopy and large woody debris in []
saline emergentwetlandsbecauseofagriculturaladjacent aquatic habitat provide the shaded
practices and urban and industrial development,riverine aquatic habitat that many important fish
Saline emergent wetlands provide importantand wildlife species depend on during some ¯
habitat for many plants, waterfowl, and otherportion of their life cycles. The lower value 1
wildlife species. In addition, saline emergentriparian habitat is frequently mowed, disced, or
wetlands contribute important plant detritus andsprayed with herbicides, resulting in a sparse
nutrient recycling to the aquatic foodweb of thehabitat structure with low species diversity. 1
Bay-Delta estuary, as well as important habitat to
some fish and aquatic invertebrate species. Riparian habitat is used by more wildlife .than any 1

otherhabitattype. From about 1850 to the turn of []
Seasonal wetlands include vernal pools, wetthe century, most of the riparian forests in the
meadows or pastures, and other seasonally wettedBay-Delta were cut down for fuelwood as a result
habitats, such as managed duck clubs. Most ofof the Gold Rush, river navigation, and 1
this habitat is located on levee-protected lands,agricultural clearing. Remnant patches are found
Such habitats were once very abundant during theon levees, channel islands, and along the margins
winter rainy season or after seasonal flooding,of the North Bay and adjacent marshes.. Riparian
With reclamation, flooding occurs primarily fromhabitats and their adjacent shaded riverine aquatic
accumulation of rainwater behind levees, fromhabitat benefit many fish and wildlife species.
directed overflow of flood waters to bypasses, or ¯
from flooding leveed lands (e.g., managedAgricultural habitats also support populations of
wetlands). Seasonal wetlands are .importantsmall animals, such as rodents, reptiles, and
habitat to many waterfowl, shorebird, and otheramphibians, and provide opportunities for []
wildlife species, foraging raptors (soaring birds of prey, such as

hawks and eagles). Nonflooded fields and
Upland habitats are found mainly on the outerpastures are also habitat for pheasants, quail, and ¯
edges of the North Bay and adjacent marshes,doves. The North Bay and adjacent marshes
They consistprimarilyofgrasslandsand remnantsupport a variety of wintering and breeding
oak woodland and oak savanna (intermittentraptors. Preferred habitat consists of tall trees for ¯
woodland and grassland). Perennial grasslands arenesting and perching near open agricultural fields,
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I which support small rodents and insects for prey.the Far East has greatly changed the plankton
Both pasture land and alfalfa fields support(freerswimming microorganisms) and benthic

i abundant rodent populations. The Swainson’s! (bottom dwelling) invertebrate fauna of the Bay-
hawk, a raptor species listed, by the State asDelta, with further ramifications higher in the
threatened, breeds and occasionally winters in thefoodweb. Further changes can be expected if

i Bay-Delta. restrictions are not made on ballast water releases
into the San Francisco Bay and Delta.

Water diversions in the North Bay and adjacent
marshes divert freshwater inflow and brackishToxins continue to enter the North Bay andI waters, diversions marshes in amounts fromThough vary seasonally, adjacent large
relatively high rates can occur in any month of themunicipal, industrial, and agricultural discharges.
year. Most water diverted from the North Bay and The toxins have had a demonstrated effect on the

I marshes is used locally. With many diversionshealth, survival, and reproduction of many
unscreened or poorly screened, great numbers ofimportant Bay-Delta fish and their foodweb
fish and aquatic invertebrates are lost. In additionorganisms. Toxins in fish tissues are also a health

I to organisms, diversions remove arisk to people who eat Bay-Delta fish. Continued
disproportionately large portion of the nutrientsreductions of toxins from discharges and releases
and detrital (organic debris) load that drive thefrom the sediment (e.g., disturbed by natural

I Bay-Deltafoodweb. Losses of fish, invertebrates~ forces and dredging) are essential to the
and nutrients and organic debris limit the potentialrestoration program.
for the recovery of many fish species and

I improving Bay-Delta aquatic foodweb The legal and illegal fish harvest may limit
productivity. Lack of adequate screening andrecovery of some populations in the Bay-Delta
location of water diversions in sensitive areasand its watersheds. Sturgeon harvest in the North

i contribute to the loss of important fish and aquaticBay and elsewhere may affect recovery of these
foodweb.organisms, populations.

Levee construction and bank protection have ledBoat traffic in sloughs and channels contributes toI to the loss of wetland and shallow-water habitatthe erosion of remaining shallow water, riparian,
throughout the North Bay and adjacent marshes,and wetland habitat. High boat speeds and traffic

i Habitat on levees and shorelines ~ needsin channels where remnant or restored habitats are
improvement to restore biodiversity andexposed to wave erosion jeopardize remnant
ecological functions, needed for Bay-Delta aquatichabitat and limit the potential success of habitat
and wildlife resources. Riparian habitats in thisrestoration efforts.

I zone are found along the tributary streams in the
upper reaches. Riparian habitat is not generallyThe delta smelt population of the Bay-Delta
found in areas subject to reclamation by leveeestuary is federally and state-listed as a threatened

I construction due to high salinity, species. It depends on the North Bay and adjacent
marshes for spawning and rearing habitat. It lives

Dredging and disposal of dredge materials havein fresh and brackish (somewhat salty) bays and

I contributed to the loss and degradation ofsloughs of the Bay-Delta. Its decline is related to
important aquatic habitats such as tidal wetlands,poor habitat conditions during drought periods. It
mudflats, and sloughs in the North Bay andbenefits from high freshwater inflow, particularly

I adjacent marshes, during the late winter and spring of dry years,
adequate slough and shallow water habitat,

Over the past several decades, the accidentalreduced effects of water diversions, and increased

I introduction of many marine and estuarinethe aquatic foodweb productivity.
organisms from the ballast waters of ships from
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The longfin smelt populations of the Bay-Deltapopulations. Improving late winter and spring
lives within the brackish water and saltwater offreshwater flows through the Bay-Delta and
northern San Francisco Bay and migratesreducing losses to diversions are essential needs
upstream into the Delta to spawn. The decline inin salmon recovery.
the longfin smelt population has coincided with a
number of changes in the estuary including: lowChinook salmon also benefit from lower water
flows in late winter and spring, reducedtemperatures in spring and fall, as well as
freshwater flows through the Delta and intoadequate aquatic habitats and high foodweb
Suisun Bay, water diversion (particularly in drierproductivity. Tidal perennial marsh habitat and
years),and contaminants, adjoining sloughs and aquatic habitats in the

North Bay and adjacent marshes are important
Like delta smelt, splittail are a native residentjuvenile rearing habitat. Juvenile chinook salmon
species of the Bay that depends on the North Bayare lost to water diversions in North Bay and
and adjacent marshes for much of its life cycle foradjacent marshes.
spawning, rearing, and feeding. The Bay-Delta
population has declined, especially during recentSteelhead were historically present in the Napa
droughts. Splittail depend primarily on shallowRiver, Sonoma Creek, and Petaluma River
water habitats, including shorelines, sloughs, andEcological Units, and are still present in most of
aquatic habitats associated with wetlands andthese streams. The major factor limiting steelhead
floodplain lands, subject to seasonal inundationpopulations in these streams is agricultural
(e.g., the adjacent marshes of the North Bay). Thedevelop including water diversion, barriers due to
splittail population benefits from wetland anddiversion dams, high water temperatures and other
slough habitat, a more productive aquaticwater quality impacts from urban and agricultural
foodweb, and higher late winter and springrunoff.
freshwater flows during dry years. Losses to water
diversions may also be a limiting factor. The striped bass population of San Francisco Bay

and the Sacramento and San Joaquin Rivers
White sturgeon and green sturgeon populations independs on the North Bay and adjacent marshes
the Central Valley use the North~ Bay for for much of its life cycle. The North Bay and
migrating, feeding, and as a nursery area foradjacent marshes provide important feeding and
young and juveniles. Populations appear to bejuvenile rearing habitat for striped bass. Reduced
stable. Sturgeon benefit from high late winter andfreshwater flow and increased water diversions
spring freshwater inflow, a productive aquatichave resulted in a declining striped bass
foodweb, and bay habitat. Legal and illegalpopulation over the past several decades. Poor
harvest and losses to water diversions may beBay-Delta water quality may also be limiting
limiting population abundance, survival of young and adults. Striped bass also

benefit from high aquatic foodweb productivity.
Of the many populations of four runs of chinookLoss of tidal perennial aquatic, wetland, and
salmon in the Central Valley, all depend on theslough habitats may also limit striped bass
North Bay and adjacent marshes during at least aproduction. Many striped bass young are lost in
portion of their life cycle. The North Bay and water diversions. Artificially rearing young
adjacent marshes provide migratory and rearingstriped bass salvaged at south Delta pumping
habitat for salmon in all months. Many chinookplant fish facilities or supplementing production
salmon populations have declined in recentwith hatchery reared fish may be necessary to
decades from a combination of ocean, river, andsustain the population under present limiting
Bay-Delta factors. Freshwater flow reductions factors.
through the Bay-Delta and increases in water
diversions have led to declines in salmon
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American shad is an anadromous fish that spawnsFactors that affect the survival and production of
in the Sacramento River and its major tributaries,marine fish and invertebrates in the Bay-Delta
They pass through the Bay-Delta on their’ include Delta outflow, water diversions, foodweb
upstream spawning migration in spring, and in theproductivity, availability and quality of shallow
fall, young fish pass through on their way to thewater and wetland habitats, and water quality.
ocean. A small portion of the population rears in

Bay waters. Though the population appears in production and survival ofImprovementsNorth
stable and healthy, low productivity in droughtmarine and estuarine fishes in the Bay and Delta
periods is a concern. American shad production iswill provide ancillary benefits to important
higher with higher late winter and springestuarine, anadromous, and resident fishes ofthe
freshwater flow through the Bay-Delta in dry andBay-Delta.
normal rainfall years, improved aquatic foodweb
production, and lower relative rates of waterMany marine species depend on the North Bay
diversions, and adjacent marshes for spawning or as nursery

areas. Pacific herring spawn in the Bay each
There are many native and non-native fish specieswinter, and their young are’ abundant in the North
resident to the Delta, like delta smelt and splittail~Bay into summer. Young northern anchovy
that will benefit from improved aquatic habitatsspawned in the ocean enter the North Bay each
and foodweb production in the Delta. Many nativesummer to feed. Starry flounder, shiner perch, and
fish species have declined gradually over the pastmany other marine-estuarine fish also use the Bay
century from habitat loss and non-native fishfor spawning, rearing, and feeding. Dungeness
introductions. More recently native residentcrab use the North Bay as a nursery area. Several
(nonmigratory) species have further declined fromshrimp species are abundant in the North Bay.
changes in freshwater flow, water diversions, poor
water quality, and further non-native speciesBay-Delta aquatic foodweb organisms include
introductions and habitat degradation. For manybacteria, algae, zooplankton (e.g., copepods and
of these species, improvements to their nativecladocerans), epibenthic invertebrates (e.g.,
habitats, including sloughs and tidal marshes, arecrayfish, Neomysis and Crangon shrimp), and
essential in these Native benthic invertebrates Foodwebrestoring populations. (e.g., clams).
residents will also benefit from more naturalorganisms are essential for the survival and
freshwater flow patterns, improved water quality,productivity of fish, shorebird and other higher
and reduced losses to water diversions, order animal populations in the Bay-Delta estuary.

Some organisms are non-native species (e.g.,
Marine fishes include many species that arecertain zooplankton and Asian clams) that may be
abundant and important ecologically in the Baydetrimental to native species and the foodweb in
and coastal waters. Two ecologically importantgeneral. Recent declines in aquatic foodweb
species are the Pacific herring and northernorganisms of the Bay-Delta, particularly in drier
anchovy, whose young are important in theyears, has caused, a reduction in overall Bay-Delta
foodweb as prey of salmon, sturgeon, and stripedproductivity.    Important aquatic foodweb
bass, as well as other fish and waterfowl such asorganisms include algae, bacteria, .rotifers,
cormorants and terns. Pacific herring, Dungenesscopepods, cladocera, and mysid shrimp.
crab, and Bay shrimp also support commercial
fisheries. Starry flounder contribute to the localOnce possibly abundant, the giant garter snake
Bay-Delta sport fishery. The Bay and Delta areand western pond turtle are now rare in the Bay-
essential spawning and nursery areas for manyDelta. Improvements in wetland, riparian, and
marine fish and invertebrates found in the Baygrassland habitats around the Delta margins could
and coastal waters, greatly benefit these species.
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Once abundant in the Bay-Delta, Swainson’s DESCRIPTIONS OF ECOLOGICAL
hawk are now rare. Improvements in agricultural, UNITSgrasslands, and riparian habitats will aid in~

Swainson’s hawk recovery.
SUiSUN BAY AND MARSH ECOLOGICAL

The California clapper rail is State and federally UNIT

listed as an e.ndangered species. A long-term
decline in tidal emergent wetlands has reduced theThe boundaries of the Suisun Bay and Marsh
population in the Bay-Delta. Ecological Unit are Collinsville on the east, the

Contra Costa County shoreline to the south, the
A long-term decline in emergent wetlands hasRichmond-San Rafael Bridge to the west, and the
reduced the California black rail population in theridge tops of the Coast Ranges to the north. The
Delta. Restoring emergent wetlands in the Deltamarshland and bay are in a valley, bordered on the
should aid in California black rail recovery, north and south by the Coast Ranges. The

predominant habitat types in this zone are tidal
The Suisun song sparrow lives only in the Suisunperennial aquatic habitat, tidal brackish emergent
Bay marshes. It depends on brackish marsh andwetland, seasonal nontidal wetland, and grassland.
riparian habitats. Its population has declined withThe marsh is primarily a managed wetland, with
the loss of brackish marshes, levees to control water level and seasonal flooding

with fresh water.
The salt marsh harvest mouse is a State and
federally listed endangered species. It depends onAn extensive network of sloughs conveys tidal
tidal salt marshes and its population has declinedflows and some freshwater flow into the marsh.
with the loss of tidal salt marsh habitat. Montezuma Slough, the largest of these, is

0 connected to Suisun Bay at its eastern and western
Herons, egrets, and other shorebirds and wadingends. The slough is an important nursery area for
birds breed and winter throughout the Centralmany fish, including chinook salmon, striped
Valley, the North Bay, and adjacent marshes,bass, splittail, and delta smelt. The Suisun Marsh
Their populations depend on aquatic and wetlandSalinity Control Structure was constructed near
habitats. Shorebirds and wading birds will benefitthe eastern slough entrance in 1986 to limit the
from restoring wetland, riparian, aquatic, andtidal influx of saltwater from the Bay into Suisun
agricultural habitats. Marsh. The salinity control structure operates

from September through May by closing during
Many waterfowl species overwinter in the Bay- flood tides and opening during ebb tides to keep

Delta and depend on high-quality foraging habitatsalinity in the slough low throughout the managed

to replenish their energy reserves. They depend onwetland flooding season.
wetland, riparian, aquatic, and agricultural
habitats. Many resident and migratory waterfowlEfforts in the 1970s resulted in protecting the
species will benefit from improved aquatic,Suisun Marsh, the largest remaining brackish
wetland, riparian, and agricultural habitats, marsh in California. The marsh is an extremely

important resource for migratory waterfowl,
associated wildlife (including several threatened
and endangered species), and many fish species.
The Suisun Marsh Protection Plan played a key
role in reducing development pressure and other
adverse impacts associated with human
disturbance, such as accidental fires, careless
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application of pesticides and herbicides, and urbanThe lower portion of the unit are baylands,
runoff, composed of tidal sloughs with fringing marshes,

i some diked managed wetlands, diked farm lands,
NAPA RIVER ECOLOGICAL UNIT mostly oat and hay, and surrounding uplands

characterized by grasslands, vernal pools, and oak

ill The Napa River Ecological Unit is within thewoodlands quickly being converted to vineyards.

1 Napa River watershed and includes the river, anTidal marshes and channels are reduced as a result
extensive marsh/slough complex, and the lowerof reclamation. Seasonal wetlands develop during
river estuary connecting to San Pablo Bay. Thethe rainy season on reclaimed agricultural lands.

i majority of the southern area is bayland which development along upperUrban the river is
was historically tidal marsh. Currently, most ofassociated with the city of Sonoma. Vineyards are
the baylands have been reclaimed for salt orthe predominant land use in the upper watershed,

I A network of particularly on the valley floor. The mountains ofagriculturalproduction¯ sloughs
fringed by saline emergent marsh is also present,the watershed are characterized by oak
The sloughs have become silted as a result of lostwoodlands, chaparral, and mixed conifer habitats.

i tidal prism¯ The baylands are surrounded byAs in the Napa River Ecological Unit, much of the
¯ uplands composed primarily of grasslands whichvernal pool, seasonal wetland and oak savanna

’ are rapidly being converted to urban andhabitat previously present on the valley floor has

i agricultural (vineyard) uses. In the north, naturalbeen eliminated as a result of agricultural and
upper river watershed habitats have been reducedurban development¯
by agricultural and urban development and flood

i . control measures. Vernal pools and other PETALUMA RIVER ECOLOGICAL UNIT
seasonal wetland habitats characteristic of the
upper watershed have been almost entirelyThe Petaluma River Ecological Unit is located

¯ ¯ eliminated in the Napa River Ecological Unit. west of the Sonoma Creek unit on the northwest
I margin of San Pablo Bay. The habitat types in this

The Napa River historically consisted of a fairlywatershed are marsh wetlands and uplands, such

i broad riparian corridor and programs to restoreas grassland. The lower portion of the watershed
riparian and shaded riverine aquatic habitat willis composed of tidal marshes and sloughs, and
be an important component of the program,diked seasonal wetlands and historic bayland

i particularly in the upper Napa River area towhich have been reclaimed for agriculture. The
provide habitat for wildlife and aquatic habitat fordiked agricultural lands intermittently.pond water
fish species. The tidal marshes of this area are ofduring the rainy season which provided habitat for
limited size and habitat quality due to pastshorebirds and waterfowl. The surrounding

I reclamation. Remaining tidal marshes are linearuplands are characterized by grasslands andopen
with little channel development. The largeroak savannas. This unit contains the largest extant
sloughs have silted up due to a reduced tidalnatural tidal marsh on the west coast. The upper

I prism, watershed is rapidly developing with Petaluma,
the largest city. Agricultural uses include grazing,

SONOMA CREEK ECOLOGICAL UNIT oat hay production, and vineyards.

I
The Sonoma Creek Ecological Unit is located SAN PABLO BAY ECOLOGICAL UNIT
southwest of the Napa River Ecological Unit. The

I main habitat types in the area are tidal andThe San Pablo Bay Ecological Unit includes San
seasonal marsh, tidal sloughs, and upland areas,Pablo Bay and the adjacent mudflat and marsh
such as vernal pools, grassland, and savanna, baylands, both diked and non-diked. Habitat

I varies from deep bay marine habitat to edge
mudflats and marsh/slough complexes¯ Bay
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habitat varies from nearly fresh water at itsas well as many native waterfowl and wildlife
eastern end, during periods of high freshwater,species living in and around the North Bay.
outflow, to nearly seawater salinity levels (32Improving freshwater inflow and habitat will
parts per thousand) during the periods of lowestbenefit delta smelt, splittail, chinook salmon,
outflow at. the western end of San Pablo Bay.striped bass, longfln smelt, and other anadromous
Salinity in the bay is stratified (layered) duringand resident marine and estuarine fishes and
high outflow conditions, but is not stratified in drylarger marine invertebrates (e.g., shrimp, crabs,
periods/years. The mixing zone is upstream is Sanand clams) of the Bay, as well as the estuarine
Pablo Bay in dry years, foodweb (e.g., algae and planktonic and bottom-

dwelling animals) on which the fish depend.
Although it is generally less productive than theSeparate visions have been prepared for many
less saline Suisun Bay to the east, San Pablo Bay0fthese processes, stressors, habitats, and species.
is a productive estuary that has important.Volume I contains additional detail on the status
spawning and rearing habitat for many marine,and restoration needs of these resource elements
estuarine, and anadromous fish and marine-and the specific restoration approach.
estuarine invertebrates (e.g., shrimp, crabs, and
clams). .The vision for the Suisun Marsh/North San

Francisco Bay Ecological Zone is closely tied t.o

VISION FOR THE ECOLOGICAL the vision for the Sacramento-San Joaquin Delta
Ecological Zone. It is indirectly related to visions

ZONE for the mainstem rivers and tributary watersheds.
Flows and habitats in these areas are integrally

The vision for the Suisun Marsh/North Sanlinked. Many important anadromous fish and
Francisco Bay Ecological Zone includeswaterfowl species that use the Central Valley are

¯ providing a more natural freshwater outflowaffected by conditions in multiple ecological
pattern from the Delta in dry and normal rainfallzones.
years, restoring tidal and nontidal wetlands,
restoring tidal perennial aquatic habitat, andRestoring Suisun Marsh and North San Francisco
screening unscreened and poorly screenedBay will improve the natural production of
diversions. These changes will assist in themarine, estuarine, and anadromous fish; resident
recovery of special-status species and increasewildlife; . migratory waterfowl; other winter
important fish, wildlife, and plant communities:migrants and neotropical birds; and special-status
Local and regional agency and stakeholderplants, plant communities, and associated
initiatives will help attain this vision, terrestrial invertebrates. Several waterfowl species

whose populations have declined in recent times,
The vision focuses on improving the naturalsuch as the canvasback and redhead, should also
freshwater inflow pattern to San Francisco Baybenefit.
(the Bay) and restoring important, tidally
influenced aquatic and wetland habitats andImproving Suisun Marsh and North San Francisco
adjacent uplands. Other focal points are reducingBay health will help to achieve the restoration
stressors, such as non-native marine invertebratesgoals set for the Sacrament0-San Joaquin Delta
in ship ballast water and contaminants inEcological Zone. Likewise, improving conditions
municipal, industrial, and agricultural dischargesin the Sacramento-San Joaquin River Delta
into the Bay, and reducing losses of juvenile fish(Delta) will benefit the Bay.
and their food organismsat unscreened
diversions. Habitat improvements will benefit theGoals for the Suisun Marsh/North San Francisco
salt marsh harvest mouse, Suisun song sparrow,Bay Ecological Zone include protecting and
California clapper rail, and California black rail, enlarging remaining areas of native habitat and
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establishing connectivity among these areas,striped bass, delta smelt, splittail, and other
Enlarging the San Francisco Bay and San Pabloestuarine resident fish in the marsh and Suisun
Bay National Wildlife Refuges and other State’ Bay.
and local wildlife areas; expanding restoration
efforts in the Napa Marsh area, Petaluma Marsh,Diverting water from Suisun Marsh channels for
and Sonoma baylands; and restoring connectivitymanaged nontidal wetlands and controlling the
among these features will help achieve the visionsalinity of water entering the marshthrough
for this ecological zone. Expanding restorationMontezuma Slough will continue, but with
efforts in the northeastern portion of Suisunconsideration for maintaining the natural
Marsh and restoring connectivity with areas suchhydrologi~ regime and salinity levels of the
as the Jepson Prairie Preserve in the Yolo Basinslough and marsh. Efforts to screen diversions in
Ecological Zone and the Sacramento-San Joaquinthe marsh will also continue to minimize the
Delta Ecological Zone will also contribute to thisentrainment of juvenile fish. Water quality
effort, standards specified in the 1995 Water Quality

Control Plan will be met in the eastern marsh and
Potentially high-quality spawning, rearing, andat several locations in the central marsh. Flows
migrating habitat will be restored to benefitinto the northwestern marsh will be improved.
important fish species that use Suisun Marsh and
the Bay during at least a portion of their lives.Water diversions from Suisun Bay for cooling at
This effort includes improving freshwater inflowthe Pittsburg power plant will be conducted with
patterns, particularly in dry and normal waterminimal adverse effects on eggs,, larvae, and
years, and restoring extensive areas of tidaljuvenile fish; New fish screening technology or
aquatic and wetland habitats in Suisun Marsh andalternative sources of cooling water (such as
the Bay. cooling towers) will be considered.

VISIONS FOR ECOLOGICAL UNITS Oil refinery operations in the Bay will be
modified to reduce discharses of high levels of

SUISUN BAY AND MARSH ECOLOGICAL contaminants, such as selenium.

UNIT
Suisun Marsh and Suisun Bay will function as

Efforts and opportunities to restore tidal action tohigh-quality spawning and rearing habitat and an

selected managed wetlands and promote natural
effectivefish migrationcorridor. A healthy

riparian and wetland succession in Suisun MarshSuisun Marsh-Bay ecosystem will be an important

will be expanded. Shallow-water, wetland, and
link in the estuary foodweb by improving primary

riparian habitats within the marsh and along theand secondaryproductivity.Marsh and

shorelines of the Bay will beprotected andproductivity will improve as freshwater inflow

improved, where possible. Upland habitatsacreageeVents increaSeof tidal inwetlandsdry andandnOrmalasso~iatedYears and
adjacent to riparian and wetland habitats will also tidal

be protected and improved. Efforts will focus or~
perennial aquatic habitat increases.

increasing the acreage open to tidal flows (e.g., by
removing or opening levees) and providing NAPA RIVER ECOLOGICAL UNIT

connectivity among habitat areas to aid in the
R~storation efforts will be focused in the Naparecovery of species, such as the salt marsh harvest

mouse, clapper rail, and black rail. Those habitatMarsh Wildlife Area, Cullinan Ranch, and Scagg

areas will provide essential shelter and nestingIsland. Habitats should be protected and natural

cover during high tides. Improving marsh andexpansion and succession should be supported to

slough habitats will benefit chinook salmon,restore large, contiguous (connected) areas of
tidal saline emergent wetland, riparian, and

~_ ~ .
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upland habitats. The existing habitat areas are SAN PABLO BAY ECOLOGICAL UNIT
sparse and low. quality, because dikes and levees
have disrupted the natural tidal flows andThe ecological health of San Pablo Bay and its
sediment supply that are essential to maintainfunction as an important nursery area for marine,
marsh habitat. Restoring tidal action to additionalestuarine, and anadromous fish can be improved
portions of the marsh and improving water qualityby increasing freshwater inflow in spring during
will enhance the health of the marsh. This, in turn,years with low and normal freshwater outflow,
will aid in the recovery of species, such as the saltprotecting and expanding tidal marsh/slough
marsh harvest mouse and clapper rail in thehabitat complexes along the margins of the bay,
southern part of the ecological unit. Fish species,and reducing the input of pollutants into the bay.
such as chinook salmon, striped bass, split’tail, andRemoving dikes and levees along the bay’s
delta smelt, will benefit from the improved healthshoreline, where appropriate, will aid in the
of themarsh and associated improvements in therecovery and expansion of tidal emergent wetland
tidal slough complex and lower river estuary, habitat.

SONOMA CREEK ECOLOGICAL UNIT VISIONS FOR ECOLOGICAL
PROCESSES

Existing habitat will be maintained, and current
and future restoration efforts in Napa/Sonoma
Marsh will be expanded. The marsh is sparse and

CENTRAL VALLEY STREAMFLOWS

low quality, because dikes and levees have
disrupted the natural sediment supply essential forA healthy pattern of freshwater inflow to Suisun

maintaining marsh habitat. Leveed, historicMarsh and the North Bay would involve natural

marshland will be opened to tidal action, creatinglate-winter and spring flow events that support

larger, more contiguous marsh areas. Anecological processes and functions essential to the

expanded marsh/slough complex will supporthealth of important Bay-Delta fish populations.

greater salt marsh harvest mouse and clapper railInflow to the Bay is impaired in dry and normal

populations, as well as splittail, delta smelt,water years by storage and diversion of natural

juvenile chinook salmon, and striped bass.inflow to. basin watersheds. The need for inflow to

Restoration of existing managed marshlands maythe Bay coincides with the need for natural flows

not be desirable as these lands support significantin the mainstem rivers, their tributaries, and the

numbers of shorebirds and waterfowl. To achieveDelta.

the restoration objective, acquisition and
restoration of other diked baylands may be ~NATURAL FLOODPLAIN AND FLOOD

required. PROCESSES

PETALUMA RIVER ECOLOGICAL UNIT Expansion of the North Bay floodplain by setting
back or removing levees would enhance

Petaluma Marsh and its associated tidal sloughfloodwater and sediment retention and provide

network will be expanded. Outside of Petalumadirect and indirect benefits to fish and wildlife

Marsh, marsh habitat areas are sparse and lowthat depend on natural floodplain inundation.

quality, because dikes and levees have disruptedSuch floodplain expansion should also help to
the natural tidal flow and sediment supplyalleviate the flooding potential in other areas of

essential for maintaining tidal emergent wetlandthe Bay-Delta.

habitat.
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BAY-DELTA AQUATIC FOODWEB a result of land reclamation and levee
construction. Restoring tidal wetland-slough

The aquatic foodweb of the Delta, which supportscomplexes will provide valuable habitat for fish,
important residentand anadromous fish, has beenincluding chinook salmon, striped bass, delta
severely impaired by drought, reductions insmelt, and longfin smelt.
freshwater flow, water diversions, introductions of
non-native species (e.g., Asiatic clams), and loss SALINE EMERGENT WETLANDS (TIDAL)
of shallow water and wetland habitats. Proposed
improvements in spring flows, channel hydraulics,Tidal saline emergent wetland habitat in the Bay
wetland habitats, and floodplain inundationhas been drastically reduced as a result of land
should lead to a healthier and more productivereclamation. Such habitat is essential to estuary
aquatic foodweb. Improved water quality andfunctions and the health of many fish, waterfowl,
greater wetland, riparian, species. Wetlands also enhance watersedimentretentionin andwildlife
and floodplain habitats will also increase foodwebquality in the Bay by filtering out sediments and
productivity, contaminants.

VISIONS FOR HABITATS SEASONAL WETLANDS

TIDAL PERENNIALAQUATICHABITAT Seasonal wetlands in Suisun Marsh provide
valuable wetland ,habitat for waterfowl and

Aquatic habitat within and associated with tidalshorebirds, as well as other wildlife.
wetland habitat is important to fish populations
that use the Bay. The area of such habitat has been RIPARIAN AND SHADED RIVERINE

substantially reduced over the past century by AQUATIC I-IABITAT
land reclamation. Large areas of tidal habitat have
been diked and reclaimed for agriculture, saltRiparian and shaded riverine aquatic (SRA)
production, industry, nontidal wetlands (e.g., duckhabitat have been greatly reduced as a result of
clubs),, and other uses. Restoring large areas ofdevelopment along streams in areas above the
presently leveed land to tidal influence maylower marshes, sloughs, and Bay shorelines. Such
increase important fish species production byhabitat has value to many special-status plant and
providing more spawning, feeding, and migratinganimal species. In addition, SRA habitat is
habitat and increasing foodweb productionimportan.t for juvenile chinook salmon and many
throughout the Bay. other resident and anadromous fish using the Bay.

NONTIDAL PERENNIAL AQUATIC HABITAT PERENNIAL GRASSLANDS

Open water habitats in managed wetlands, such asGrasslands associated with wetland margins are
ponds, provide valuable waterfowl and wildlife important habitats for some special-status plant
habitats. Such habitat should be included inand wildlife species. Wetlands should be restored
restoration efforts involving nontidal salinealong with the associated aquatic and upland
emergent wetlands, habitats.

TIDAL SLOUGHS

Sloughs are an important native habitat for fish
and wildlife. Many slough complexes in the
wetlands along the North Bay have disappeared as
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VISIONS FOR REDUCING OR PREDATION AND COMPETITION

ELIMINATING STRESSORS
Millions of chinook salmon and striped bass have

WATER DIVERSION
been stocked in North Bay waters to improve the
survival of these species and their contributions to
spawning populations. Although the presence ofWater diversions in North Bay watersheds, inthese fish in the Bay could be considered natural,

Suisun Marsh, and upstream in the Delta andthe stocking of millions of hatchery smelts intorivers affect freshwater flow in the Bay and
small areas of the North Bay within a short periodremove fish and their foodweb organisms from
may affect the survival and production ofthe Bay. Unscreened diversions will be screened

and poorly functioning screens will be improyed
important Bay specie.s, such as longfin smelt.

to reduce fish loss. Where possible, diversions
will be consolidated to reduce the number of CONTAMINANTS

diversions requiring screening. Most diversions
in the Bay are confined to Suisun Marsh andToxic contaminants continue to enter the Bay in

~uisun Bay. large amounts as a result of municipal, industrial,
and agricultural discharges. These toxins have had

INVASIVE SPECIES                  a demonstrated adverse effect on the health,
survival, and reproduction of many important Bay
fish species and their foodweb organisms. ToxinsOver the past several decade~, the inadvertentin fish tissues also pose a health risk to peopleintroduction of many marine and estuarine
who e.at fish from the Bay. Continuing to reduceorganisms from the Far East in the ballast waterlevels of toxic contaminants ~om discharges andof ships has greatly changed the plankton and
releases of toxins from sediment (i.e., disturbedbenthic invertebrate fauna of the Bay, with further
by natural forces and dredging) is an essential stepconsequences throughout the foodweb. Further
in the restoration program. The level of toxins inchanges can be expected if ballast water releasesthe Bay is also closely tied-to inputs upstream in

into the Bay are not restricted. Therefore, morethe Delta and rivers; therefore, efforts to improvestringent ballast water release restrictions arewater quality should be coordinated throughoutneeded to reduce the influx of exotic species,
the basin.Other invasive species such as exotic cordgrass

(Spartina spp) are becoming established and
HARVEST OF FISH AND WILDLIFEcontrol measures are needed to reduce future

potential adverse affects. Legal and illegal fish harvest may limit recovery

NON-NATIVE WILDLIFE
of some populations in the Bay-Delta system and
its watersheds. Striped bass, salmon, steelhead,
and sturgeon harvest in the Bay may affect the

Reducing the numbers of non,native species andrecovery of these populations.
therefore the effects these species have on native
wildlife Will require a coordinated approach that

DISTURBANCEincludes restoring ecosystem processes and
fimctions where applicable and possible, restoringHuman activity, particularly boat wakes in

¯ native habitats, reducing or eliminating other
stressors that suppress native species, and efforts

sloughs and channels in tidal wetland areas,

to control non-native species,
disturbs nesting waterfowl and erodes habitat.
Disturbance to the endangered California clapper
rail which also may occur includes boating and
hunting. Restricting boat speeds and access by
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motorized boats in special areas will reduce these CHINOOK SALMON .,

I stresses.

Central Valley salmon populations will remain.
VISIONS FOR SPECIES stable or increase with improved late-winter and,

spring flows into and through the Delta, increases
DELTA SMELT in wetland and floodplain habitats, lower spring

water temperatures, an improved aquatic
. Recovery of the delta.smelt population in the Bay-foodweb, and reduced effects of water diversions.

Delta will occur through improved freshwaterSurvival rates through the Bay-Delta should
inflow and Delta outflow patterns, greaterincrease.Numbers of young salmon rearing in the
foodweb productivity, increased areas and qualityBay-Delta should increase with improved winter-
of aquatic habitats, and reduced effects of water,spring flows and wetland habitats.
diversions. Higher delta smglt production should

i be apparent in dry andnonnal water year types in STEELHEAD TROUT
response to improved flows, habitats,and
foodweb, and reductions in stressors. Steelhead will benefit from improved streamflows

and rip.arian and shaded riverine aquatic habitat in

I
the stream reaches. The vision is thatLONGFIN SMELT upper
restoration of ecological processes and habitats,

The vision for longfin .smeJt is to improve the.along with a reduction ofstressors, will contribute

I population of this species of special concern in thetostableandlargersteelheadpopulations..
Bay-Delta estuary so that it resumes its historical

. levels of abundance and its role as an important STRIPED BASS

I species in the Bay-Delta aquatic foodweb.prey
Achieving consistently high production of longfinThe striped bass population will benefit from
smelt in normal and wetter years, whichincreased freshwater inflow to the Bay-Delta in
historically produced more abundant juvenilelate winter and spring, an improved aquatic
populations (year classes), will be critical to thefoodweb, and reduced effects of water diversions.

" -- recovery of longf’m smelt. Improvements in water quality and reducing

~i:
summer losses to diversions may be important in

SPLITrAIL , the long-term recovery of striped bass. Given the
high reproductive capacity of striped bass,

Recovery of the Bay-Delta splittail population improvements in young production rates should
will occur through improved floodplainbe readily apparent when improvement~ are made
inundation, higher late-winter Delta inflow, andto flow and foodweb, and when stressors are

i improved tidal aquatic and wetland habitats,reduced.
’ Greater production of young would be expected in

dry and normal water year types. AMERICAN SHAD

I WHITE STURGEON AND GREEN STURGEON Central Valley American shad populations will
benefit fi’om improved spring freshwater inflow to

Sturgeon populations should remain stable orthe Bay-Delta and an improved Bay-Delta aquatic
increase with improved streamflows and aquaticfoodweb. Populations would be expected to
foodwebs. ¯ remain stable or increase. Increases would be

i expected in dry and normal rainfall years.

i
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RESIDENT FISH SPECIES was probably driven by detritus originating from
nearby marshes.

Many native and non-native fish species will
benefit from improved aquatic habitats and GIANT GARTERSNAKEANDWESTERN
foodweb. Population abundance rates remain POND TURTLE
stable or increase. The distribution of native
resident fishes should increase with widespreadRestoring aquatic, riparian, and wetland habitats
habitat restoration. The locally extinct Sacramentoin the Bay-Delta will aid giant garter snake and
perch could be restored to new habitats in Suisunwestern pond turtle recovery.
Marsh.

SWAINSON~S HAWK
MARINE/ESTUARINE FISHES AND LARGE

INVERTEBRATES Improvements in riparian and agricultural wildlife
habitats will aid in the Swainson’s hawk recovery.

With improved freshwater inflow to the North Increased sightings and possibly increased nesting
Bay and Suisun Marsh and more tidal emergentwould be expected in the Bay-Delta.
wetland and associated tidal perennial aquatic
habitat, marine and estuarine fish and invertebrate CALIFORNIA CLAPPER RAIL
populationabundance and distribution would
increase. Pacific. herring and northern anchovyRestoring emergent wetlands in the North Bay
survival and production in the North Bay shouldand adjoining marshes should aid California
increase with an improved aquatic foodweb,clapper rail recovery. Population abundance and
Starry flounder, shiner perch, and many otherdistribution should increase in the North Bay and
marine-estuarine fish. that use the Bay foradjoining marshes.

¯ spawning, rearing, and feeding, should benefit
from an improved foodweb and new tidal wetland CALIFORNIA BLACK RAIL
and aquatic habitats.

Restoring emergent wetlands in the North Bay
BAY-DELTA FOODWEB ORGANISMS and adjoining marshes should aid in California

black rail recovery. Population abundance and
The vision for the Bay-Delta aquatic ~foodweb distribution should increase in the North Bay and
organisms is to restore the Bay-Delta estuary’sadjoining marshes.
once-productive food base of aquatic algae,
organic matter, microbes, and zooplankton SUISUN SONG SPARROW
communities. Restoring the Bay-Delta foodweb
organisms would require enhancing planktonThe ~Suisun song sparrow abundance and
growth and reducing loss of plankton to waterdistribution in the Suisun Marsh should increase
exports, parti.cularly in drier years. Severalwith new tidal wetlands and improved riparian
options exist for enhancing plankton growth,habitat in the marshes.
Improving Delta inflow and outflow in spring of
drier years will be an essential element of any SALT MARSH HARVEST MOUSE
plan. Other elements include reducing losses to
exports from the system and reducing the amountNew and improved salt marsh habitat in the North
of toxic substances entering the system. ProbablyBay and adjoining marshes will help in salt marsh
the best way to improve the aquatic foodweb is toharvest mouse recovery. This is a State and
restore tidal marshes and the connectivity to tidalfederally listed endangered species.
flows in addition to the restoration of freshwater
flows since and important part of the food web

Volume 11: Program Ecosystem Restoration Program Plan
Suisun Marsh/North San Francisco Bay Ecological Zone Vision

Draft: March 1998
96

C--00671 8
(3-006718



I SHOREBIRDS AND WADING BIRDS additional water supplies may be needed to meet
remaining environmental needs.

i Shorebirds and wading birds will benefit from
wetland, riparian, aquatic, and agriculturalMuch of the infrastructure to implement the
habitats restoration. Seasonal use of the Northvision for the marsh and bay already exists.

’ Bay and adjoining marshes by these birds shouldRestoration will be implemented through these
increase, existing In areas where no cooperativeprograms.

agency and stakeholder efforts are underway, such
WATERFOWL                    organizations can be developed to help implementi the To be successful, the restorationprogram.

Many resident and migratory waterfowl speciesprogram must help to coordinate existing
will benefit from improved aquatic, wetland,restoration programs being undertaken by State

i riparian, and agricultural habitats. Increase use ofand federal resource agencies.
the North Bay and adjoining marshes and,
possibly, increases in some populations would beThe recommendations in this plan will coincide

I expected, with numerous programs and projects to protect
and restore the Bay-Delta estuary. These

LANGE’S METALMARK, DELTA GREEN programs are described below.

I GROUND BEETLE, AND VALLEY
ELDERBERRY LONGHORN BI~ETLE SAN FRANCISCO BAY AREA WETLANDS

ECOSYSTEM GOALS PROJECT
The vision for the Lange’s Metalmark, delta green
ground beetle, and VELB is to assist in theirThe San Francisco Bay Area Wetlands Ecosystem
recovery by increasing their populations andGoals Project is a comprehensive, science-based

I abundance through habitat restoration, program to determine where and how much of
various types of wetland should be restored in the

INTEGRATION WITH OTHER
Suisun Bay and San Francisco Bay areas. Goals
that are being developed in that process may lead

I ~RESTORATION PROGRAMS to corresponding adjustments in ERPP targets.

i - Changing freshwater inflow patterns to the Bay, SAN FRANCISCO ESTUARY PROJECT
the major ecosystem pr.ocess in the plan for the
Delta, is a longstanding need; however, withoutThe San Francisco Estuary Project has four goals
developed supplies, the prescribed spring flowto restore the physical, chemical, and biologicali

:~ l events and minimum freshwater inflows may notintegrity of the San Francisco Bay-Delta Estuary:
¯ be available in all water-year types. In the short

~ . term, efforts will focus on providing the needed¯ protect existing wetlands,

i flows with available water from thesupplies
Central Valley Project (CVP) facilities at Shasta,tt restore and enhance the ecological
Folsom, and New Melones Reservoirs using water productivity and habitat values of wetlands,
prescribed by the Central Valley Project
Improvement Act (CVPIA) and water purchased ¯ expedite a significant increase in the quantity
from willing sellers. The effectiveness of the and quality of wetlands, and
water releases would be maximized through the
use of tools such as water transfers. Propertȳ educate the public about the values of wetland
acquisitions with water fights from willing sellers resources.
is also a tool for acquiring water. In the long term,

i ~
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CENTRAL VALLEY PROJECT RECOVERY PLAN FOR SALT MARSH

IMPROVEMENT ACT HARVEST MOUSE AND CALIFORNIA

CLAPPER RAIL
IRestoring and maintaining ecological processes

and functions in the Suisun Marsh and North BayThe recovery plan for the salt marsh harvest
Ecological Zone will augment other importantmouse and clapper rail focuses on protecting
ongoing and future restoration efforts for theexisting marshes, creating new marsh habitat with
zone. With the CVPIA program, the Anadromous unrestricted tidal sloughs, pickleweed habitat for
Fish Restoration Program (AFRP) of the U.S. Fish mice, and suitable nesting habitat for the rail. This
and Wildlife Service (USFWS 1997) has a goal to recovery plan, prepared and approved in 1984, is
double the natural anadromous fish pr0duetion inbeing revised by the USFWS. The goals and
the system over the average production duringobjectives that are being developed in the revised
l967 through1991. CVPIA authorized dedicating recovery plan may lead to corresponding
and managing 800,000 afofCVP yield annuallyadjustments in ERPP targets and programmatic
to implement the fish, wildlife, and habitatactions.
restoration purposes and measures that include
water purchased for inflow to and outflow from SUISUN MARSH MANAGEMENT AND
the Delta. The CVPIA AFtLP includes provisions PROTECTION PLANS
for restoring habitat and reducing stressors, such
as unscreened water diversions. The Suisun Marsh Management Plan was

mandated by the Suisun Marsh Preservation Act 1
RECOVERY PLAN FOR SACRAMENTO-SAN of 1977. Its goal is to maximize waterfowl food

JOAQUIN DELTA NATIVE FISHES production while maintaining a diverse marsh
flora capable of supporting the present wide

The scope of the plan includes San Francisco Bayvariety of wildlife in the marsh. The plans were
and the Delta. The intent is to promotedeveloped to mitigate (avoid, reduce, or
conservation of the ecosystems on which thecompensate for) the effects on the marsh of the
native fishes, such as chinook salmon, delta smelt,federal Central Valley Project and State Water 1
longfin smelt, splittail, and Sacramento perch,Project. Though the plan’s focus is to manage
depend. The plan outlines a strategy fordiked wetlands, plan elements are consistent with
restoration, including actions, The goals,ERPP objectives and targets. A primary
strategies for recovery, and programmatic actionsmanagement area, consisting of 58,000 acres of
presented in the plan have been adopted by thetidal and managed wetlands, and secondary
ERPP. The plan includes targets for populations,management areas of 28,000 acres of grasslands,
habitat restoration, structural changes, and Deltahave been identified for management and
outflow to the Bay that have .been included in theprotection. Restoring tidal wetlands and sloughs
ERPP. Important recovery actions in this planin Suisun Marsh will be consistent with Suisun
include, placing the 2 parts per thousand isohalineMarsh Management Plan goals.
(X2 SWRCB standard) at Roe Island, Chipps
Island, or at the confluence of the Sacrfimento-San INTERAGENCY ECOLOGICAL PROGRAM 1
Joaquin rivers at Collinsville. Suitable placement SUISUN ECOLOGICAL WORKGROUP |
of the 2 parts per thousand isohaline is key to
providing adequate shallow water habitat for deltaThe Suisun Ecological Workgroup (SEW) was ~ 1
smelt, longfin smelt, and splittail, convened at the request of the State Water

Resources Control Board as a component of the
"Program of Implementation" in the 1995 Water I1
Quality Control Plan for the San Francisco
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Bay/Sacramento-San Joaquin Delta Estuary. SAN FRANCISCO ESTUARY PROJECT
SEW is and ad hoe multi-agency/organization COMPREHENSIVE CONSERVATION AND
work group whose goal is to review the scientific MANAGEMENT PLAN
basis for the current salinity standards in Suisun
Marsh .and make recommendations forThe San Francisco Estuary project’s (SFEP’s)
comprehensive brackish marsh standards. Thepurpose is to promote effective management of
primary goals of the SEW are: (1)characterize thethe Bay-Delta estuary and restore and maintain
brackish water ecosystem for Suisun Marsh, (2)the estuary’s water quality and natural resources.
evaluate the effects of existing Western SuisunThere are elevenprograms within the
Marsh water quality standards on beneficial uses,managementplan, includingwetlandmanagement
(3) determine and recommend appropriate,and habitat restoration in the North Bay stream
resource-specific standards, (4) recommendwatersheds. Programs include protecting remnant
narrative standards for tidal wetlands, (5) assess habitats and shaded riverinestream restoring
impacts of implementing appropriate resources-aquatic habitats. Objectives include restoring and
specific standards on other resources, (6) developcreating habitats, including tidal saltmarsh and
appropriate multi-resource (ecosystem)wateradjacent upland habitats. A plan is being
quality standards, (7) consider alternative models,developed for managing the San Francisco Bay
and (8) recommend future studies and complianceNational Wildlife Refuge. Many SFEP and CCMP
monitoring programs, objectives and targets are included in the ERPP.

CENTRAL VALLEY HABITAT JOINT AGREEMENT ON SAN JOAQUIN RIVER
VENTURE PROTECTION

The Central Valley Habitat Joint Venture is aIn an effort to resolve issues brought forth in the
component of the USFWS’s North American State Water Resources Control Board’s 1995
Waterfowl Management Plan, with funding andWater Quality Control Plan for the Bay/Delta, the
cooperative project participation by federal, State, San Joaquin River Tributaries Association, San
and private agencies. New funding sourcesJoaquin River Exchange Contractors Water
including CALFED restoration funds, are beingAuthority, Friant Water Users Authority, and the
sought to implement the Joint Venture. The JointSan Francisco Public Utilities Commission
Venture has adopted an implementation plan thatcollaborated to identify feasible, voluntary actions
includes Suisun Marsh. Objectives includeto protect the San Joaquin River’s fish resources.
protecting wetlands by acquiring fee-title orIn spring 1996, these parties agreed on a "Letter
conservation easements and enhancing waterfowlof Intent to Resolve San Joaquin River Issues."

This agreement, when finalized, has the potentialhabitatin wetlandsandagriculturallands.Joint
Venture objectives and targets have been adoptedof providing the following:
by the ERPP.

¯ higher minimum base flows,
RECOVERY PLAN FOR THE SACRAMENTO ,

RIVER WINTER-RUN CHINOOK SALMON ¯ significantly increased pulse flows,

The winter-run recovery plan is being prepared̄ installation and operation of a new fish barrier
and will be implemented by the Nation Marine on the mainstem San Joaquin River,
Fisheries Service (NMFS). The draft plan includes
recommendations for improving riparian and tidal̄ set up a new biological monitoring program,
marsh habitats in the Bay and Delta. ERPP and
objectives and targets are consistent with those of
the recovery plan.
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¯ set aside federal restoration funds to cover IMPLEMENTATION
costs associated with these measures.

U’-’BJECTIVES~TARGETS, AND
One of the important components of the PROGRAMMATIC ACTIONS
Agreement is the development of the Vernalis
Adaptive Management Program (VAMP) to Targets developed for the Suisun Marsh]North
improve environmental conditions on the SanSan Francisco Bay Ecological Zone can be
Joaquin River. Elements of this potential adaptiveclassified by their reliability in contributing to
management program include a range of flow andattainment of the implementation objectives. The
non-flow habitat improvement actions throughouttarget classification system used in the following
the watershed, and an experimental programsection is as follows:
designed to collect data needed to develop
scientifically sound fishery management optionsClass Description
for the future. ¯ Target for which additional research,

demonstration, and evaluation is needed to
LINKAGE TO OTHER determine feasibility or ecosystem response.

ECOLOGICAL ZONES
¯ ¯ Target which will be implemented in stages

with the appropriate monitoring .to judge
Restoration efforts in all ecological zones benefit andsuccess.
upstream of the Suisun Marsh and North San
Francisco Bay will contribute to the health and¯¯¯ Target that has sufficient certainty of success
recovery of this zone. Likewise, efforts in this to justify full implementation in accordance
zone will contribute to the health of the Delta and with adaptive management, program priority
salmon and steelhead populations recovery in the setting, and phased implementation.
Sacramento and San Joaquin River basins.

ECOLOGICAL PROCESSES
Successfully realizing the vision for this
ecological zone depends, in part, on achieving CENTRAL VALLEY STREAMFLOW
targets in the Sacramento-San Joaquin Delta,

(FRESHWATER INFLOW)
Sacramento River, Eastside Delta Tributaries,
and San Joaquin River Ecological Zones. These
include targets associated with restoringIMPLEMENTATION OB3ECTIVE: The implemen-

tation objective for Central Valley streamflows isstreamflow processes, reducing contaminants, and
improving and increasing riparian and wetlandto restore basic hydraulic conditions to reactivate

habitats. Efforts toward achieving targets in theseand maintain ecological processes that create and

zones should interact to restore important rearingsustain habitat required for healthy fish, wildlife,

habitat, reduce the introduction of contaminants,and plant populations.

and control the introduction of non-native aquatic
species. For example, essential for meeting theTARGET 1: More closely emulate the natural

Bay freshwater inflow prescriptions, are efforts toseasonal freshwater inflow pattern to North San

meet the individual flow prescriptions for theFrancisco Bay to:

Sacramento, Feather, Yuba, American,
Mokelumne, Stanislaus, Tuolumne, and Merced[] transport sediments,

Rivers. Aquatic, riparian, and wetland corridors in
the Delta are also directly linked and integral to[] allow upstream and downstream fish passage,
habitat corridors in Suisun and San Pablo Bays.~ [] contribute to riparian vegetation succession,
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¯ permit transport of larval fish to the starry flounder, northern anchovy, Dungeness
entrapment zone, crab, several species of Bay shrimp, and many

species of planktonic and benthic invertebrates
¯ maintain the entrapment zone in Suisun Bay,that make up the Bay’s fo.odweb. Spring

and freshwater flows also stimulate tidal emergent
marsh productivity by providing necessary

¯ provide adequate attraction flows for nutrients and sediments. Freshwater inflows of
upstream, through-Bay migrating salmon. 20,000 to 40,000 cfs in dry and normal years,

compared to the existing 10,000 to 30,000 cfs,
Delta outflow in dry and normal years will bewould ensure that the entrapment zone of the
improved by coordinating releases and natural "estuary andX2 wouMbe located welldownstream
flows in the Sacramento River Basin to provide ain Suisun Bay, especially in dryyears, and allow
March flow event of at least 20,000 cfs for 10 some fresh water to reach San Pablo Bay through
days in dry years, at least 30,000 cfs for 10 days.tidal circulation and mixing. (Note: the location
in below-normal years, and at least 40,000 cfs forof X2 is the distance from the Golden Gate Bridge
10 days in above-normal years. The existingto the point at which the daily average salinity is
smaller, late-April and early’May flow event will 2 parts per thousand (ppt) at the bottom.)
be improved with additional water releases from
San Joaquin River and Delta tributaries to provide ~NATURAL FLOODPLAIN AND FLOOD
flows of magnitudes and durations similar to PROCESSES,
those prescribed for March (,,).

IMPLEMENTATION OBJECTIVE: Modify channel
PROGRAMMATIC ACTION 1A: Develop a and bas_in configurations to improve floodplain
cooperative program to provide target flows in dry function along rivers and streams in the
and normal years by allowing inflows to majorSacramento-San Joaquin basin.
storage reservoirs, prescribed in the visions of
upstream ecological zones, to pass downstreamTARGET 1: Expand the floodplain area in the
into and through the Delta. (This action wouldNapa River, Sonoma Creek, and Petaluma River
result from an accumulation of recommendationsEcological Units by putting approximately 10% of
for spring flow events and minimum flows fromleveed lands into the active floodplain (,~).
upstream ecological zones.)

PROGRAMMATIC ACTION 1A: Convert leveed
RATIONALE." Restoring freshwater flows into lands to tidal wetland/slough complexes.
Suisun Marsh/North San Francisco Bay

RATIONALE: Restoring approximately 10~ ofEcological Zone consistent with natural
hydrologic conditions in the Bay-Delta ~atershed existing leveed lands to tidal action and
will help restore fundamental ecosystem processes floodflows will greatly enhance the floodwater
and fanctions for the North Bay’s aquatic and

andsedimentretentioncapacityof the andarea
wetland resources. Increasing spring freshwater contribute nutrients for the aquatic foodweb.
inflows will benefit the Bay and help move
outmigrating juvenile chinook salmon and BAY-DELTA FOODWEBAQUATIC
steelhead through the B~ty toward the ocean.
Spring plankton blooms in the North Bay,
stimulated by freshwater outflow, support the IMPLEMENTATION OBJECTIVE: Maintain,

North Bay’s functions as a primary nursery improve, or restore the amount of basic nutrients

ground for many important fish and .crusta- available to estuarine and riverine systems to

cean species. These include chinook salmon, provide a sustainable level of foodweb

striped bass, delta smelt, splittail, Pacific herring, productivity.
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TARGET 1: Increase primary and secondary TIDAL PERENNIAL AQUATIC HABITAT
nutrient productivity in the Suisun Marsh/North
San Francisco Bay to levels historically observedIMPLEMENTATION OBJECTIVE: The implemen-
in the 1960s and early 1970s (,,). tation objective for tidal perennial aquatic habitat

is to increase the area of shallow-water and
PROGRAMMATIC ACTION 1A: Actions intertidal mudflat habitat. This would improve
described to restore streamflow, floodplains, tidal conditions that support increased primary and
wetlands and sloughs, and riparian habitat wouldsecondary productivity; provide rearing, foraging,
increase primary and secondary productivity inand escape cover for fish; and provide foraging
the Suisun and North San Francisco Bay areas, and resting habitat for water birds.

RATIONALE: Increasing the area of tidal TARGET 1: Restore 1,500 acres of shallow-water ¯
wetland/slough habitat will increase primary and habitat in the Suisun Bay and Marsh Ecological
secondary productivity. More flooding of Unit(,O).
floodplains will provide morse nutrients and
organic carbon inputs. PROGRAMMATIC ACTION 1A: Develop a

cooperative program to acquire and restore 1,500
HABITATS acres of shallow-water habitat in the Suisun Bay

and Marsh Ecological Unit.
GENERAL RATIONALE

PROGRAMMATIC ACTION 1B: Develop a

Restoring tidally influenced wetlands are an cooperative program to evaluate the feasibility of
essential focus of restoration efforts in theSuisun restoring shallow-water habitat in the North Bay
Marsh/North San Francisco Bay Ecological Zone. Ecological Unit.
Habitats of particular interest include tidal ¯
perennial aquatic habitat, saline emergent RATIONALE: Restoring, improving, and
wetlands, and tidal slough habitat. Restoration of protecting high-quality, shallow-water habitat
these habitats will require a mosaic of habitats will provide foraging habitat for juvenile fish in 1
including adjacent habitats that need to be this ecological zone. These areas typically provide
comprised of seasonal ~ wetlands, .non-tidal high primary and secondary productivity and
perennial aquatic habitats, perennial grasslands, support nutrient-cycling functions that can sustain
and riparian habitats. Restoration targets were high-quality foraging conditions. Opening new
set with the realization of the difficulty in locating areas to tidal flows will also help restore a more
l̄ands for restoration. In the Suisun Marsh, for natural tidal action to the Bay-Delta. These. tide-
example, the restoration of tidally influenced influenced areas also provide high-quality
habitats will likely require the conversion of foraging habitat for waterfowl that use mudflat or
existing managed wetlands.. The conversion of submergent vegetation growing in shallow water
these existing freshwater wetlands will be offset and diving ducks, such as canvasback and scaup,
to the extent possible by restoring existing that consume clams in these areas (Fris and
degraded wetland habitats and by improvement to DeHaven 1993, Brittain et al. 1993, Stuber 1984,
existing unmanaged wetlands. Likewise, in the Schlosser 1991, Sweetnam and Stevens 1993, San
San Pablo Bay Ecological Unit, restoration of Francisco Estuary Project 1992a, U.S. Fish and
habitat will be constrained by the fact that the Wildlife Service 1996, and Lindberg and
area is characterized by open bay and intertidal Marzuola 1993).
flats with very limited opportunities for
restoration of other shallow water habitat types. Restoration of shallow water habitat in the San

Pablo Bay Ecological Unit may not be possible as
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the unit is characterized by open bay and RATlONALE: Restoringsuitablerestingareasfor
intertidal flats. No lands may be available for" ~ waterfowl and other wetland-dependent wildlife
restoration, species will increase the overwinter survival rate

of these populations. Other water-associated
Development of shallow water habitats in the wildlife species will also benefit (Madrone
North Bay will require large-scale tidal Associates 1980).
restoration to expand maintain throughand third
fifth order slough channels. Larger sloughs TIDAL SLOUGHS
provided the shallow water habitat which existed
under historic conditions in the North Bay. IMPLEMENTATION OBJECTIVE: The implemen-
Acquiring and restoring diked subsided lands will tation objective for tidal sloughs is to protect and
create shallow water habitats in the short-term, improve existing tidal slough habitat and restore
Sedimentation will occur over the long-term and of the historical distribution ofaportion sloughs
the area will develop into a saline emergent in the Bay-Delta within tidally influenced saline
marsh. This objective is probably only achievable or brackish emergent wetlands and mudflats. This
in the Napa River, Sonoma Creek, and Petaluma’ would help restore and maintain the ecological
River. Ecological Units. health of the aquatic resources in and dependent

on the Delta and the Suisun Marsh/North San
NONTIDAL PERENNIAL AQUATIC HABITAT Francisco Bay Ecological Zone.

IMPLEMENTATION OBJECTIVE: The implemen- TARGET 1: Restore slough habitat for fish and
tation objective for nontidal perennial aquaticassociated wildlife species. Restore 5 miles of
habitat is to increase its amount. This wouldslough habitat in the near term, and 10 miles in
provide improved foraging and resting habitat forthe long term, in the Suisun Bay and Marsh
water birds, particularly diving ducks, and help toEcological Unit. Restore 10 miles of slough
restore and maintain the ecological health of thehabitat in the near term, and 20 miles in the long
terrestrial and aquatic resources in and dependentterm, in the Napa River, Sonoma Creek, and
on the Delta. Petaluma River Ecological Units (~,).

TARGET 1: Develop 1,600 acres of deeper (3-6 PROGRAMMATIC ACTION 1A: In association
feet deep) open-water areas to provide restingwith wetland/marsh restoration efforts, construct
habitat for water birds, foraging habitat for divingsloughs in marsh/slough complexes by acquiring
ducks and other water birds that feed in deepland and purchasing easements.
water (,).

RATIONALE; Restoring, improving, and
PROGRAMMATIC ACTION 1A: Develop a protecting slough habitat in the units of the Suisun
cooperative program to acquire and develop 400Marsh/North San Francisco Bay Ecological Zone
acres deeper open-water areas adjacent will help sustain high-quality shallow-waterof to
restored saline emergent wetland habitats in thehabitat that provides spawning habitat for native
Suisun Bay and Ecological Unit. fish and foraging habitat for rearingjuvenile fish.

Restoring sloughs, alongwith tidally influenced
PROGRAMMATIC ACTION 1B: Develop a freshwater areas and saline emergent marsh, will
cooperative program to acquire and develop 400provide spawning habitat for native fish and
acres of deeper open-water areas adjacent toforaging habitat for rearing juvenile fish;
restored saline emergent wetland habitats in eachcontribute to high levels of primary and
the Napa River, Sonoma Creek and Petalumasecondary productivity; and support nutrient-
River Ecological Units (1,200 acres total), cycling functions that can sustain high-quality
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foraging conditions. These sloughs can also RATIONALE: Restoring tidally influenced saline
provide rest.ing sites for waterfowl and habitat for marsh in this ecological zone will contribute to
the western pond turtle (Simenstad et al. 1992, increasing levels of primary and secondary
Lindberg and Marzuola 1993, and Madrone productivity and support nutrient-cycling
Associates 1980), Tidal sloughs can also provide functions that can sustain high-quality foraging
important loafing sites for waterfowl, particularly conditions (Lindberg and Marzuola 1993, Miller
diving ducks in the North Bay. The miles of 1993, Simenstadetal. 1992). lncreasing the area
targeted sloughs represent a reasonable occupied by saline tidal marsh in each ecological
restoration level as indicated by maps available unit will help support the proper aquatic habitat
from the early 1900s and existing configurations conditions for rearing and outmigratingjuvenile
in the ecological units, chinook salmon, steelhead, and sturgeon and

rearingdelta smelt, striped bass, and splittail.
In tidal slough restoration should be Restoring high-quality saline marshes, both tidal
associated by tidal marsh restoration. Sloughs and nontidal, will contribute to nutrient cycling,
are a function of the marshes they traverse. The maintaining the foodweb, and supporting
acreage of marsh and soils, sediments, enhanced levels of primary and secondary
hydrodynamics will limit the amount of tidal production. Increasing the area occupied by
marsh that can be restored. These sloughs can nontidal saline marsh will contribute to
also provide loafing sites for waterfowl, subsidence control and island accretion (growth)
varticularly diving ducks in the North Bay. efforts. Permanent saline marsh can help arrest

and, in some cases, reverse subsidence where peat
SALINE EMERGENT WETLANDS oxidation has lowered land elevations to more

than 15feet below sea level. Increasing the area
IMPLEMENTATIONOBJECTIVE: The implemen- occupied by saline marsh will contribute to an
tation objective for saline emergent wetlandecosystem that can accommodate sea-level rise
habitat is to increase the area of saline emergentand provide a more natural tidal pattern and
wetlands to provide high-quality habitat forassociated benefits to the foodweb and water
waterfowl, shorebirds, and other associatedquality of the Bay and Delta. Habitat conditions
wildlife; provide rearing habitat, foraging habitat, for wetland-associated wildlife will be .improved.
and escape cover for fish; and expand the
populations and range of associated special-statusThe targets for saline emergent wetlands will
and State and federally listed plant and animalprobably be achieved or even exceeded by several
species, ongoing programs. These include activities to

restore saline emergent wetlands which are
TARGET 1: Restore tidal action to 5,000 to 7,000 contained within land acquisition pPograms by the
acres in the Suisun Bay and Marsh EcologicalU.S. Fish and Wildlife Service andDepartment of
Unit; 1,000 to 2,000 acres in the Napa River Fish and Game.
EcologicalUnit; 500 to 1,000 acres each in the
Sonoma Creek, Petaluma River, and San Pablo SEASONAL WETLANDS
Bay Ecological Units (.~).

IMPLEMENTATION OBJECTIVE: The implemen-

PROGRAMMATIC ACTION 1A: Develop a tation objective for seasonal wetland habitat is to:
cooperative program to acquire, in fee-title or
through a conservation easement, the land needed̄ restore and manage this habitat type to restore
for tidal restoration, and complete the needed and maintain the ecological health of the
steps to restore the wetlands to tidal action, aquatic resources in and dependent on the

Suisun Marsh/North San Francisco Bay
Ecological Zone,
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[] restore foodweb and floodplain processes;through a combined approach. This approach
reduce the effects of contaminants and waterinvolves reducing the amount of pesticide applied
management on the Delta’s aquatic resources,and the amount reaching aquatic Suisun Marsh
and and San Francisco Bay habitats. This will be done

by biological and chemical processes in wetland
[] provide high-quality foraging and restingsystems that break down harmful pesticide

habitat for wintering waterfowl, greater residues, lmproved inchannel flows in this
sandhill cranes, and migratory and winteringecological unit resulting from seasonal reductions
shorebirds, in water use and enhanced environmental water.

supplies will also help to reduce contaminant
TARGET 1: Assist in protecting and enhancing concentrations (San Francisco Estuary Project
58,000 acres of existing degraded seasonal1992a).
wetland habitat in the Suisun Bay and Marsh
Ecological Unit per the objectives of the Central Restoring high-quality freshwater marsh and
Valley Habitat Joint Venture and the Northbrackish marsh, both seasonal and permanent,
American Waterfowl Plan. will increase the production and availability ofManagement

natural forage for waterfowl and other wildlife. It
PROGRAMMATIC ACTION 1.4,: Support the will increase the overwinter survival rates of
cooperative to improve management of wildlife populations in this ecological zone andprogram
26,000 acres of degraded seasonal wetland habitatimprove their body condition before they migrate.
in the of the Suisun Bay and Marsh EcologicalAs a result, breeding success will be improved
Unit. Managing these habitats will also reduce the

amount and concentrations of contaminants that
PROGRAMMATIC ACTION 1B: Support the could, upon entering the sloughs, interfere with
development of a cooperative program to improveefforts to restore aquatic ecosystem health.

management of 32,000 acres of existing seasonal
wetland habitat in the Suisun Bay and MarshTarget 1 "enhance 58,000" acres of degraded

Ecological Unit. seasonal wetland habitat" is consistent with the
Central Valley Habitat Joint Venture and the

RATIONALE." Restoring wetland and riparian North American Waterfowl Management Plan.
Programmatic Action 1A "enhance 26, 000 acreshabitats in association with aquatic habitats is an
of degraded seasonal wetland habitat" is alreadyessential restoration strategy element for this

ecological zone. This restoration is fundamental being implemented by Ducks Unlimited as part of

to supporting the foodweb and enhancing a grant through the North American Wetlands

conditions for rearing chinook salmon, steelhead, Conservation fund The intent of the ERPP is to
remove the levees of some managed wetlands tosturgeon, juvenile delta smelt, striped bass, and

splittail. Foodweb support functions for wildlife allow the restoration of tida!!y influenced habitats

will also benefit (Cummins 1974, Brostoff and acreagesand expandthe ofwet meadowsor

Clark1992).                                    pastures. The habitat recommendations may
appear to be in conflict with .one another. The
greatest need to restore where possible, tidalSeasonalwetlandsCan helpreduceconcentrations

and loads of pesticide residues in water and wetland areas. This may result in a need to

sediments, which help to reduce sublethal and replace any losses of managed wetlands by

long-term impacts of specific contaminants for creating additional wetland areas. However,

which it is difficult to conclusively document there may not be area for any additional acres of

population-level impacts. Modifying agricultural managed wetlands as the majority of agricultural

and land scale will lands have already been converted to managedpractices largeuses on
reduce the concentrations of pesticide residues      wetlands. For example, the following figures
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provided by the Suisun Resource Conservation RIPARIAN AND SHADED
District display the possible difficulty in creating RIVERINE AQUATIC HABITATS
additional managed wetlands.

IMPLEMENTATION OBJECTIVE: The implemen-
Existing Land Use Existing Acreage ration objective for riparian and riverine aquatic
managed wetlands 52, 000 acres habitats is to restore riparian scrub, woodland, and
unmanagedwetlands 6,300acres forest habitat along largely nonvegetated
bays andsloughs 30,O00acres riprapped banks of Delta island levees, the
uplands and grasslands 27, 700 acres Sacramento and San Joaquin Rivers, and major

tributaries of the Sacramento and San Joaquin
IMPLEMENTATION OBJECTIVE: Protect and Rivers. This will create riparian vegetation
. manage 100 acres of vernal pool habitat alongcorridors to provide shaded riverine aquatic
with the associated upland buffer and drainage to(SRA) cover f~r anadromous and other fish
support special-status vernal pool plants andspecies, and to create high-quality habitat for
invertebrates in the Suisun Bay and Marshassociated special-statusplantandanimal species
Ecological Unit. and other wildlife,

TARGET 1: Protect and manage vernal pools in TARGET 1: Restore 10 to 15 linear miles of
the Suisun Bay and Marsh Ecological Unit thatriparian habitat along riparian scrub and shrub
provide suitable habitat for listed fairy shrimpvegetation corridors in each ecological unit. In
species, the Delta green ground beetle, andthis restored habitat, 60% should be more than
special~status plant species to assist in these15 yards wide, and 25% should be no less than
species’ recovery. Where feasible, restore vernal5 yards wide and 1 mile long (...).
pools that have been degraded by agricultural
activities to provide suitable habitat for special-PROGRAMMATIC ACTION 1A-" Coordinate with
status invertebrates and plants and amphibian,landowners and managers to restore and maintain
such as the spadefoot toad, to assist in the10 to 15 linear miles of riparian habitat along
recovery of these populations (,). corridors of riparian scrub and shrub vegetation in

each ecological unit. Of this, 60% should be more
PROGRAMMATIC ACTION 1A: Develop a than 15 yards wide, and 25% should be ’no less
cooperative program to acquire 100 acres ofthan 5 yards wide and 1 mile long.
vernal pools and 500 to 1,000 acres of adjacent
buffer areas to restore a corridor the size of theRATIONALE." Many wildlife species, including
Jepson Prairie Preserve in the Yolo Basinseveral species listed as threatened or endangered
Ecological Unit. under the State and federal Endangered Species

Acts (ESAs) and several special-status plant
RATIONALE: Restoring wetland, riparian, and species in the Central Valley, depend on or are
adjacent upland habitats in association with closely associated with riparian habitats.
aquatic habitats is an essential restoration Riparian scrub and shrub will help provide
strategy element for the Suisun Marsh/North San needed escape cover for these species during
Francisco Bay Ecological Zone. Restoring this high-flow periods. Riparian vegetation in the
habitat mosaic on a large scale will help restore western portion of the Suisun Marsh/North San
ecosystem processes and functions and provide Francisco Bay Ecological Zone is limited by
additional protection to listed species associated water salinity. Riparian restoration will most
with this habitat type. likely occur in the upper reaches of the ecological

units in areas that may be tidally influenced but
which have low salinity.

~
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PERENNIAL GRASSLANDS               conflicts for other beneficial uses of land and
water.

IMPLEMENTATION    OBJECTIVE:    The

implementation objective for perennial grasslandTARGET 1: Reduce entrainment losses of
habitat is to preserve and restore this habitat typejuvenile fish at diversions by 25 to 50% by
in conjunction with restoring floodplain riparianinstalling positive-barrier fish screens on large
and valley oak habitats. This will provide high-diversion structures (,,~).
quality habitat conditions for associated special-
status plant species and wildlife. PROGRAMMATIC ACTION 1A: Develop a

cooperative program to consolidate, screen, or
TARGET 1: Restore 1,000 acres of perennial eliminate diversions in the Suisun Marsh/North
grasses in each ecological unit associated withSan Francisco Bay Ecological Zone.
existing or proposed (~).wetlands

RATIONALE: Large diversions on the main
PROGRAMMATIC ACTION 1A: Develop a channels of Suisun and San Pablo Bays and

to restore perennial adjoining . marsh/sloughcomplexes entraincooperative program
grasslands by acquiring conservation easements orjuvenile and small adult fish at rates that couM be
purchasing land from willing sellers, detrimental to the survival of species of special

concern (Chadwick and Von Geldern 1964, 1974;
RATIONALE." Restoring wetland, riparian, and’ Larkin 1979; and Erkkila et aL 1950). The
adjacent upland habitats in association with reduction target reflects preliminary data
aquatic, habitats is an essential restoration indicating that entrainment through the smallest
strategy element for this ecological zone. diversions on small channels might not pose a
Eliminating fragmentation and restoring significant threat to the successful restoration of

connectivity will enhahce habitat conditions for Bay-Delta health. The success of screening in the
special-status species, such as the Suisun song estuarine zone is difficult and dependent on
sparrow, California black rail, and salt marsh critical protective operations and facilities. For
harvest mouse. For instance, the habitats for these example, bypass flows or bypass systems are
species have been degraded by the loss ofneededto move target species awayfrom the zone
adjacent, suitable escape cover that is needed by of influence and into areas safe from entrainment.
the salt marsh harvest mouse during periods of
high flows or high tides. Fragmentation has also !NVASIVE AQUATIC PLANTS
interfered with daily and seasonal migratory
movements and gene~ic interchange within the IMPLEMENTATIONOBJECTIVE:Theimplemen-
population (Novick and Hein 1982). tation objective for invasive aquatic plants is to

reduce the adverse effects of these species on
REDUCENG OR ELIMINATING native plants. This will increase and maintain

STRESSORS aquatic foodweb productivity, preserve suitable
fish habitat structure, and provide quality habitat
conditions for native submergent and emergent

WATER DIVERSIONS                 plants in the Suisun Marsh/North San Francisco

Bay Ecological Zone.
IMPLEMENTATION OBJECTIVE: The implemen-
tation objective is to reduce entrainment of all lifeTARGET 1: Manage existing and restored dead-
stages of fish into water diversions to increaseend and open-end sloughs and channels within the
survival and population abundance to levels thatecological zone so that less than 1% of the surface
contribute to overall Delta health and reduce
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area of these sloughs and channels is covered by PROGRAMMATIC ACTION 1B: Help fund
invasive non-native aquatic plants (4~). research on ballast water treatment techniques that

could eliminate non-native species before ballast
PROGRAMMATIC ACTION 1A: Conduct large- water is released.
scale, annual weed eradication programs
throughout existing and restored dead-end and TARGET .2: Reduce the potential for influx of
open-end sloughs and channels in each ecological non-native aquatic plant and animal species at
unit so that less than 1% of the surface area of border crossings (~).
these sloughs and channels is covered by invasive
non-native aquatic plants within 10 years. PROGRAMMATIC ACTION 2A: Provide funding

to the California Department of Food and
RATIONALE: Invasive aquatic plants have altered Agriculture to expand or establish, as appropriate,
ecbsystem processes, functions, and habitats by a comprehensive program to exclude, detect, and
modifying the foodweb and competing for manage invasive aquatic species, such as zebra
nutrients, light, and space. Nesting birds are mussel.
Particularly vulnerable to increased predation
from non-native ground-dwe!ling predators and RATIONALE: Every reasonable effort should be
competition from non-native nest parasites, made to reduce the introduction of non-native
Actions taken in the Suisun Marsh/North San organisms in the ballast water of ships that enter
Francisco Bay Ecological Zone to address this the Delta. Such organisms have greatly altered
objective are prescribed primarily to enhance the zooplankton of the Delta over the past several

foodweb functions and improve habitat conditions decades. Further alteration could reduce the
for resident, estuarine, and anadromous fish and capacity of the Delta to support native fishes.
neotropical migratory birds. This can be

¯ accomplished, in part, by reducing the area Every reasonable effort should be made to reduce
inhabited by invasive non-native plants and by the introduction of non-native organisms at
restoring large areas of optimal nesting habitat border crossings into Ualifornia. Border
(Dudley and D’Antonio 1994, Anderson 1990, inspections have already found zebra mussels,
Zedler 1992, and Bay-Delta Oversight Council which, if allowedto enter Bay-Deltawaters, could
1994). have devastating economic and ecological effects.

INVASIVE AQUATIC ORGANISMS INVASIVE RIPARIAN AND SALTMARSH
PLANTS

IMPLEMENTATION OBJECTIVE: The
implementation objective for invasive aquatic IMPLEMENTATIONOBJECTIVE: The irnplemen-
organisms is to reduce their adverse effects on the tation objective for invasive riparian and salt
foodweb and native species resulting from marsh plants is to reduce populations of invasive
competition for food and habitat and direct non-native tree and shrub species that compete
predation, with native riparian vegetation. Reducing invasive

riparian and salt marsh plants would help to
TARGET 1: Reduce or eliminate the influx of establish and supportsustainable native
non-native aquatic species in ship ballast water vegetation communities.

TARGET 1: Reduce by 50% the area covered by.
PROGRAMMATIC ACTION 1A: Fund additional invasive non-native woody species, such as giant
inspection staffto enforce existing regulations, reed and eucalyptus, that compete with native
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riparian vegetation,and eradicate invasive woodyPROGRAMMATIC ACTION 1A: Develop a
plants from restoration areas (,~). , cooperative program to evaluate means to reduce

red fox and feral cat populations through trapping,
PROGRAMMATIC ACTION 1A: Develop a relocation, fertility control, or other suitable
cooperative program to remove and suppress measures.
invasive non-native plants that compete with
native riparian vegetation by reducing the areaRATIONALE." The large-scale restoration of
occupied by these species (such as giant reed andemergent wetlands, riparian habitat, and adjacent
eucalyptus) by 50%. perennial grasslands will be the main focus of a

strategy to reduce the adverse impacts of non-
PROGRAMMATIC ACTION 1B: Develop a native wildlife on the health of the Bay-Delta
cooperative program to eliminate invasive woodyecosystem. The goal is a restored Bay-Delta and
plants from restoration sites to protect nativewatershed where the quality, quantity, and
riparian vegetation, structure of the restored habitat discourage

colonization by non-native wildlife, provide a
non,native plants have competitive advantage to native wildlife, andRATIONALE:~nvasive

altered ecosystem processes, functions, and reduce the vulnerability of native species from
habitats by modifying the foodweb and competing predation by species such as the red fox and feral
for nutrients, light, and Actions taken in the cat.space.
Suisun Marsh/North San Francisco Bay
Ecological Zone are prescribed primarily to One of the most serious environmental problems
improve habitat conditions for a broad range of facing California is the explosive invasion of non-
fish and wildlife species and to support foodweb native pest plants and animals. Non-native
functions. Extensive riparian habitat areas should .plants, wildlife, fish, and aquatic invertebrates
be established throughout the North Bay and can greatly alter the ecosystem processes,
adjoining marsh/slough complexes by reducing functions, habitats, species diversity, and
the area occupied by invasive non-native plants abundance of native plants, fish, and wildlife.
and restoring large areas of optimal riparian
habitat (Dudley and D ’Antonio 1994, Madrone Many of these invasive species spread rapidly and
Associates 1980, Bay-Delta Oversight Council form dense populations primarily by out-
1994, Cross and Fleming 1989, and Zedler 1992). competing native species as a result of large-scale

habitat changes that tend to favor non-native
NoN-NATIVE WILDLIFE species and a lack of natural controls (e.g.,

natural predators). These non-native species
IMPLEMENTATION OBJECTIVE: The imple- usually have a competitive advantage because of
mentation objective for non-native wildlife is totheir location in hospitable environments where
reduce the abundance of non’native wildlifethe normal controls of disease and natural
species to maintain and expand the diversity or are missing, populations of non-enemies As
abundance of native species or the ecologicalnative species grow, they can disrupt the.
stability ofnativehabitats, ecosystem and population dynamics of native

species. In some habitat changes havec~lses,

TARGET 1: Reduce red fox and feral cat eliminated connectivity ofhabitats that harbor the

populations in and adjacent to habitat areasnative predators that couM help to limit .
suitable for California clapper rail, Californiapopulationsof harmful non-nativespecies.

black rail, and salt marsh harvest mouse.
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PREDATION AND COMPETITION public health concerns about accumulation of
toxins in tissues.

IMPLEMENTATIONOBJECTIVE: The implemen-
tation objective for predation and competition isTARGET. 1: Reduce the input of herbicides,
to reduce the loss of juvenile anadromous andpesticides, fumigants, and other agentstoxic to
resident fish and other aquatic organisms fromfish and wildlife in the Suisun Marsh/North San
unnatural levels of predation in order to increaseFrancisco Bay Ecological Zone (,).
survival and contribute to the restoration of
important species. PROGRAMMATIC ACTION 1A: Support

programs already in place to regulate the
TARGET 1: Limit striped bass supplementation todischarge of pollutants or reduce pollutant toxicity
life stages that minimize predation on juvenilein Bay waters.
anadromous and estuarine fish (,~).

RATIONALE: Reducing the concentrations and
PROGRAMMATIC ACTION 1A: Provide loads of contaminants, including hydrocarbons,
sufficient equipment, support staff, and operationheavy metals, and other pollutants, in the water
and maintenance funds to hold juvenile stripedand sediments of the Suisun Marsh/North San
bass longer so they can be planted at 2 years ofFrancisco Bay Ecological Zone will help reduce
age instead of 1 year. sublethal and long-term impacts of specific

contaminants for which it is difficult to
PROGRAMMATIC ACTION 1B: Cooperatively conclusively document population-level impacts.
develop an ecologically based approach to limitReducing loading in urban runoffand modifying
striped bass and chinook salmon stocking in theagricultural practices and land uses on a
Bay to areas and periods that will not increaselarge scale will reduce pesticide residue
predation on special-status species, such asconcentrations through a combined approach.
longfin smelt and delta smelt, and other nativeThis approach involves reducing the amount of
fishes, pesticide applied and the amount reaching the

Bay’s aquatic habitats. This will be done by
RATIONALE: Actions taken in this ecological biological and chemical processes in wetland
zone are prescribed to protect populations of systems that break down harmful pesticide
aquatic species, such as longfin smelt and delta residues. (Bay Delta Oversight Council 1994,
smelt, from excessive predation rates caused by Hall 1991, U.S. Fish and Wildlife Service 1996,
large concentrations of stocked hatchery-reared San Francisco Estuary Project 1992b, Resources
fish. Limited studies have shown that two-year-oM Agency 1976, Sparks 1992, Diamond et al. 1993,
striped bass have less of an impact on andRostetaL1989).
anadromous and estuarine fish than one-year-old
striped bass. lmproved inchannel flows in the Delta resulting

from seasonal reductions in water use and
CONTAMINANTS enhanced environmental water supplies will also

help to reduce concentrations (San Francisco
Estuary _Project 1992a). Health warnings have

IMPLEMENTATIONOBJECTIVE:Theimplemen-
tation objective is to reduce concentrations andbeen issued regarding human consumption offish

loading of contaminants in the aquaticand wildlife because of elevated levels of

environment and the subsequent bioaccumulationsubstances, such as mercury and selenium. Large-

by aquatic species. Reducing contaminants wouldscale aquatic and wetland habitats restoration

increase aquatic species survival and eliminatemay help to resolve concerns about hydrocarbons,
heavy metals, and other pollutants. Addressing
point sources of concern, such as the oil. refineries
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in Suisun and San Francisco Bays, and elevated DISTURBANCE
releases of selenium resulting from refining oil
from sources high in selenium, can be effecfive IMPLEMENTATIONOBJECTIVE: The implemen-
elements of a strategy to achieve the desired ration objective for disturbance is to reduce
reductions, human activities that adversely affect wildlife

behavior or cause habitat destruction. Reducing
I-IARVEST OF FISH AND WILDLIFE these activities would increase reproductive

success and contribute to restoration of important
IMPLEMENTATION OBJECTIVE: The implemen- species.
tation objective for harvest is to regulate fish and
wildlife harvest to the extent necessary to avoidTARGET 1: Reduce boat wakes near California
impairing the reproductive capacity of theclapper and black rail nesting areas in Suisun
population in relation to available habitat. Marsh and San Francisco Bay from March to June

to prevent destruction of nests and assist in the
TARGET 1: Reduce illegal anadromous fish andrecovery of this listed species (~).
waterfowl harvest in Suisun Marsh and San
Francisco Bay by increasing enforcement (~).PROGRAMMATIC ACTION 1A: Develop a

cooperative program with local agencies t9
PROGRAMMATIC ACTION 1A: Provide establish and enforce zones prohibiting boat
additional funding to California Department ofwakes within 50 yards of California black rail
Fish and Game (DFG) for additional enforcement,nesting areas in Suisun Marsh and San Francisco

from March to June.Bay
PROGRAMMATIC ACTION 1B: Provide
additional funding to county sheriff’s departmentsPROGRAMMATIC ACTION 1B: Develop a
and State and local park agencies to supportcooperative with local agencies toprogram
additional enforcement efforts, establish and enforce zones prohibiting motorized

boats in 5 miles of dead-end channels in Suisun
PROGRAMMATIC ACTION 1C: Provide rewards Marsh and San Francisco Bay from March to
for the arrest and conviction of poachers. June.

RATIONALE:Actions taken to reduce stressors in PROGRAMMATIC ACTION 1C: Develop a
this ecological zone are prescribedprimarilyto cooperative program with local agencies to
dontribute to the recovery of aquatic species, such establish and enforce zones prohibiting motorized
as winter-, spring-, and late-fall-run chinook boats in new, small channels in restored tidal
salmon; green sturgeon; splittail; and steelhead, fresh emergent wetlands.
These actions will also contribute to the recovery
of species, such as Swainson’s hawk, greater RATIONALE: Actions taken to restore ecological
sandhill crane, yellow-billed cuckoo, riparian processes and functions, increase and improve
brush rabbit, black rail, and giant garter snake habitats, and reduce stressors in this ecological
(U.S. Fish and Wildlife Service 1996, San zone areprescribedprimarily to contribute to the
Francisco Estuary Project 1992b, Bay-Delta recovery of aquatic species, such as winter-,
Oversight Council 1993, and California spring-, and late-fall-run chinook salmon; green
Department offish and Game 1991). sturgeon; splittail; and steelhead. These actions

will also contribute to the recovery of species,
such’as the black rail (Madrone Associates 1980,
Schlosser 1991, San Francisco Estuary Project
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1992a, U.S. Fish and Wildlife Service 1978, Delta water temperatures. Improving channel
Schlorff1991, and Resources Agency 1976). hydraulics wouM increase the aquatic foodweb

and improve spawning and rearing habitat.
SPECIES Reducing the effects of water diversions and

contaminants wouM help to improve survival of
DELTA SMELT young and adult delta smelt.

IMPLEMENTATION OBJECTIVE: The implemen- LONGFIN SMELT

tation objective for delta smelt is to ensure the
recovery of this species,- which is State-. andIMPLEMENTATION OBJECTIVE: Ensure the
federally listed as threatened. Delta smeltrecovery of this species of special concern.
recovery would contribute to overall speciesRecovery of longfin smelt would contribute to
diversity and reduce conflict between the need forspecies richness and diversity and reduce conflict
its protection and other beneficial water uses inbetween the need for its protection and other
the Bay-Delta. beneficial uses of water in the Bay-Delta.

TARGET: Meet Native Fish Recovery Plan goals TARGET: Meet the goals of the Native Fish
(U.S. Fish and Wildlife Service 1996), which Recovery Plan (US Fish and Wildlife Service
include recovery goals tied to the fall midwater1996), which include recovery goals tied to the
trawl survey and distribution of catch in variousfall midwater trawl survey and the distribution of
trawl survey zones (~�~). catch in various zones of the trawl survey, and

catch goals in the Suisun Marsh trawl survey
PROGRAMMATIC ACTIONS: Restoring delta (�~�~)-
smelt will come indirectly from increasing March
to May Delta inflow and outflow; improving PROGRAMMA~rlC ACTIONS: Restoration of
Delta water temperature, Delta channellongfln smelt will come indirectly from:
hydraulics, the Delta aquatic foodweb, and
aquatic wetland and riparian habitats; and̄ increasing March to May Delta inflow and
reducing stressors, including effects of water outflow,
diversions and contaminants.

improvingDeltawatertemperature,
I~4TIONALE: Meeting Native Fish Recovery Plan
targets will indicate that there has been an ¯ improving Deltachannel hydraulics,
increase in the delta smelt population. Without
such a response, there would be no guarantee that ¯ improving the Delta aquatic foodweb;
recovery is occurring. Improved spring inflow and
outflow should benefit the population by ¯ improving aquatic wetland, and riparian
providing attraction flow to adults moving into the habitats, and
Delta to spawn. It should stimulate aquatic
foodweb production to help ensure young delta ¯ reducing stressors including the effects of
smelt survival, and it should provide transport water diversions, contaminants, and the
flow to larval delta smelt to move them from the stocking of striped bass and chinook salmon
Delta into prime nursery habitat in the western in longfin smelt nursery areas of North San
Delta and Suisun Bay. Reducing water Francisco Bay.
temperatures in the Delta in spring and summer
should benefit delta smelt, because they are a cool RATIONALE." Meeting the targets of the Native
water speciesthat become stressed at highest Fish Recovery Plan will indicate an increase in

the long)qn smelt population. Without such an
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increase in the population, there would be no RATIONALE: Meeting Native Fish Recovery Plan
guarantee that recovery is occurring, lmproved , targets will indicate that there has been an
spring inflow and outflow should benefit the increase in the splittail population. Without such
population by providing attraction flow to adults a response, there would be no guarantee that
moving into the Delta to spawn, by stimulating recovery is occurring, lmproved spring inflow and
aquatic foodweb production to help ensure young outflow should benefit the population by
longfin smeltsurvival, andbyproviding transport providing attraction flow to adults moving

flow to larval long~qn smelt to move them from the upstream into the Delta and rivers to spawn. It
Delta into prime nursery habitat in the western should increase flooding of riparian vegetation,
Delta and Suisun Bay. which is important spawning habitat of splittail.

It should stimulate aquatic foodweb production to
Improving Channel hydraulics would increase the help ensure young splittail survival and provide
aquatic foodweb and improve ~ spawning and transport flow to larval delta smelt to move them
rearing habitat. Reducing the effects of water from the Delta into prime nursery habitat in the
diversions and contaminants would help to western Delta and Suisun Bay. Reducing water
improve survival of young and adult longfin smelt, temperatures in the Delta in sp~:ing and summer
Reevaluation of stocking striped bass and chinook should benefit delta smelt, because they are a cool
salmon into prime nursery habitats of long[in water species that become stressed a highest
smelt in San Pablo Bay and Suisun Bay would . Delta water temperatures. Improving channel
reduce predation on young longfin smelt, hydraulics would increase the aquatic foodweb
Alternative locations and time of stocking may and improve spawning and rearing habitat.
limit predation on longfin smelt. Improving shallow water, slough, and wetland

¯ habitats should increase splittail spawning and
SPLITTAIL rearing habitat. Reducing the effects of water

diversions and contaminants would help to
IMPLEMENTATION OBJECTIVE: The implemen- improve survival of young and adult splittail.
tation objective for Sacramento splittail is to assist
in the recovery of this species, which is proposedWHITE STURGEON AND GREEN STURGEON
for listing under the federal ESA. Sacramento
splittail recovery would contribute to overall IMPLEMENTATIONOBJECTIVE:Theimplemen-
species richness and diversity and reduce conflictration objective for white sturgeon and green
between the need for its protectioh and othersturgeon is to restore white sturgeon distribution
beneficial water uses in the Bay-Delta. and abundance to historical levels to support a

sport fishery and assist in the recovery of the
TARGET: Meet the Native Fish Recovery Plan green sturgeon, a DFG species of special concern.
goals (U.S. Fish and Wildlife Service 1996),. Meeting thisobjeetivewouldcontributeto species
which include recovery goals tied to the fallrichness and diversity and reduce conflict between
midwater trawl survey and distribution of catch inthe need for their protection and other beneficial
various trawl survey zones (,,). water uses in the Bay-Delta.

PROGRAMMATIC ACTIONS: Restoring splittail TARGET: Meet Native Fish Recovery Plan goals
will come indirectly from increasing March to (U.S. Fish and Wildlife Service 1996), which
May Delta inflow and outflow; improving Delta include 100,000 white sturgeon and 2,000 green
water temperature, Delta channel hydraulics, thesturgeon greater than 100 centimeters long as
Delta aquatic foodweb, and aquatic wetland andmeasured in the DFG mark-recapture program
riparian habitats; and reducing stressors, including(’~).
effects of water diversions and contaminants.
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PROGRAMMATIC ACTIONS: Sturgeon restor- Program (U.S. Fish and Wildlife Service 1997, in
ation will come indirectly from increasing Marchpreparation) (~).
to May Delta inflow and outflow, improving II
Delta channel hydraulics and the Delta aquaticPROGRAMMATIC ACTIONS: Chinook salmon
foodweb, and reducing stressor~, including effectspopulation restoration will come indirectly from
ofwater diversions and contaminants, increasing March to May Delta inflow and []

outflow: improving Delta channel hydraulics;
RATIONALE." Meeting Native Fish Recovery Plan improving the Delta aquatic foodweb; increasing
targets will indicate that there has been ~a positive shallow water, riparian, and wetland habitats in []
response in the sturgeon populations. Without the Delta; and reducing stressors, including
such a response, there wouM be no guarantee that effects of water diversions and contaminants.
recovery is occurring. Improved spring inflow and
outflow shouM benefit the populations by RArIo~vat.~.: Meeting the targets of the Winter- |providing attraction flow to adults moving Run Chinook Salmon Recovery Plan, the Native
through the Delta into the rivers to spawn. It Fish Recovery Plan, and the Anadromous Fish
shouM stimulate aquatic foodweb production to Recovery Plan will indicate there has been~ an 1
help ensure young.sturgeon survival and provide increase in the chinook salmon populations.
transport flow to larval sturgeon to move them Without such a response, there wOuld be no ¯
from the rivers into prime nursery habitat in the guarantee that recovery is occurring. Improved
Delta and Suisun Bay. Improving channel spring inflow and outflow should benefit the
hydraulics would increase the aquatic foodweb populations by providing attraction flow to adults
and improve juvenile rearing habitat. Reducing moving through the Delta into the rivers to spawn. ¯
the effects of water diversions and contaminants It should stimulate aquatic foodweb production to
would help to improve young and adult sturgeon help ensure young survival and provide transport

"survival. flow to juvenile salmon to move them from the
rivers into prime nursery habitat in the Delta and

CHINOOK SALMON Bay. Improving channel hydraulics would
increase the aquatic foodweb and improve []

IMPLEMENTATION OBJECTIVE: The implemen- juvenile rearing habitat. Reducing the effects of
tation objective for chinook salmon is to water diversionsandcontaminantswouldhelpto
contribute to the recovery of the Sacramentoimprove young and adult salmon su~ival.
winter-run chinook salmon, a species listed as
endangered under the federal and California STEELHEADTROUT

ESAs. Winter-run chinook salmon recovery
would ensure overall species richness andIMPLEMENTATION    OBJECTIVE:    The
diversity and reduce conflict between the need forimplementation objective for steelhead trout is to
its protection and other beneficial water uses inachieve naturally spawning populations of
the Bay-Delta..The objective is also to contribute sufficient size. to support inland recreational ¯
to the restoration of Sacramento fall-run, spring-fishing and fully use existing and restored habitat
run, late-fall-run, and San Joaquin fall-runareas. Meeting this objective would contribute to
chinook salmon to support sport and commercialoverall species richness and diversity and reduce
fisheries, conflict between the need for its protection and

other beneficial uses of water in theBay-Delta.
TARGET: Meet the goals of the Winter’Run 1
Chinook Salmon Recovery Plan (National Mafi’ne TARGET: Maintain the average cohort
Fishery Service 1997, in preparation), the Native replacement rate of steelhead trout above 1.0
Fishes Recovery Plan (U.S. Fish and Wildlifeduring the period that the species is rebuildingand ¯
Service 1996), and Anadromous Fish Restorationthen maintain a replacement rate equal to or
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greater than 1.0 when the species reacheswetland habitats in the Delta; and reducing
restoration goals set by the regulatory agencies~ stressors, including effects of water diversions
(,,,). and contaminants. To meet target population

levels may require, at least in short-term,
PROGRAMMATIC ACTIONS: Restoring steelhead supplementing young production through artificial
trout populations in the Suisun Marsh/North Sanrearing and stocking of young striped bass
Francisco Bay Ecological Zone will comesalvaged at south Delta fish facilities or raised in
indirectly from increasing March to May Delta hatcheries.
outflow; improving the aquatic foodweb;
increasing shallow water, riparian, and wetlandJ~ATIONALE: Meeting Striped Bass Recovery Plan
habitats in the ecological units of this zone, andtargets will indicate there has been an increase in
reducing stressors including effects of waterthe striped bass population. Without such a
diversions and contaminants, response, there wouM be no guarantee that
RATIONALE." lmproved spring Delta outflow recovery is occurring, lmproved spring inflow and
shouM benefit the populations by stimulating outflow shouM benefit the populations by
aquatic foodweb production to help ensure young movingproviding attraction flow to adults into
survival, and by providing transport flow to and through the Delta to spawn. It shouM
juvenile steelhead to move them from the rivers stimulate aquatic foodweb production to help

habitat the ensure young survival and provide transport flowintoprimenursery in Bay.Improving
channel hydraulics would increase the aquatic to juvenile striped bass to move them from the
foodweb and improve juvenile rearing habitat, rivers and Delta into prime nursery habitat in the
Reducing the effects of water diversions and " western Delta and Suisun Bay. Improving channel
contaminants would help to improve survival of hydraulics would increase the aquatic foodweb
young and adult steelhead trout. . and improve juvenile rearing habitat. Reducing

the effects of water diversions and contaminants
STRIPED BASS would help to improve young and adult striped

bass survival. Artificially stocking reared striped

IMPLEMENTATION OBJECTIVE: The.implemen- bass may be necessary to reach target levels of

tation objective for striped bass is to restore itsadults needed to support a quality striped bass
population levels to those of the 1960s tofishery; however, such stocking wouldnot come at

contribute to a recreational fishery in the Bay-the expense of healthy native resident and

Delta. Increased striped bass population levelsanadromous fish populations.

would reduce conflict between the need for its
protection and other beneficial water uses in the AMERICAN SHAD

Bay-Delta.
IMPLEMENTATION OBJECTIVE: The implemen-

TARGET: Meet Striped Bass Recovery Program tation objective for American shad is to maintain

goals (California Department of Fish and Gamenaturally spawning populations that support sport

1997, in preparation), which include a target of 2 fisheries similar to those observed in the 1960s

million to 3 million adult fish as measured in theand 1970s to contribute to the recreational use of

DFG mark-recapture study(,). Bay-Delta. Meetingthe this objectivewould
reduce conflict between the need for protection of

PROGRAMMATIC ACTIONS: Restoring striped this species and other beneficial water uses in the

bass will come indirectly from increasing MarchBay-Delta.

to May Delta inflow and outflow; improving
Delta channel hydraulics and the Delta aquaticTARGET: The target for American shad is to

maintain production of young as measured in thefoodweb;increasingshallowwater,riparian, and
fall midwater trawl survey and Anadromous Fish
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Restoration Program targets (U.S. Fish and1996), which include improving habitat of native
Wildlife Service 1997, in preparation), fishes and restoring the population of Sacramento
Specifically, the index of young American shadperch (.).
production should increase, especially in dry
wateryears(.). PROGRAMMATIC ACTIONS: Restoration of

native resident species will come indirectly from
PROGRAMMATIC ACTION: Restoring American increasing March to May Delta inflow and
shad populations will come indirectly fromoutflow, improving Delta channel hydraulics,
increasing March to May Delta inflow and improving the Delta aquatic foodweb, improving
outflow, improving Delta channel hydraulics,aquatic, wetland, and riparian habitats, and
improving the Delta aquatic foodweb, andreducing stressors including effects of water
reducing stressors, including effects of waterdiversions and contaminants.
diversions and contaminants.

RATIONALE." Meeting the targets of the Native
RATIONALE." Meeting the targets of the Fish Recovery Plan will indicate there has been a
Anadromous Fish Recovery Plan will indicate positive response in the native fish populations.
there has been an increase in the American shad Without such a response in the populations there
population. Without such a response there would would be no guarantee that recovery is occurring.
be no guarantee that the target is being met. Improved spring inflow and outflow should
Improved spring inflow and outflow should benefit the populations by stimulating aquatic
benefit the populations by providing attraction foodweb production. Improving channel
flow to adults moving through the Delta into the hydraulics would increase the aquatic foodweb
rivers to spawn, it should stimulate aquatic and improve spawning, rearing, and feeding
foodweb production to help ensure young habitat of native resident fishes. Reducing the
survival, and it should provide transport flow to effects of water diversions and contaminants
juvenile shad to move them from the rivers into would help to improve survival of young and
prime nursery habitat in the lower rivers and adults. Improvements in habitats and reductions
Delta. Improving channel hydraulics would in stressors may allow the successful
increase the aquatic foodweb and improve reintroduction ofSacramentoperch.
juvenile rearing habitat. Reducing the effects of
water diversions and contaminants would helpto MARINE/ESTUARINE FISHES AND LARGE
improve survival of young and adult shad. INVERTEBRATES

RESIDENT FISH SPECIES IMPLEMENTATION OBJECTIVE: The implemen-
tation objective for marine and estuarine fishes

IMPLEMENTATION OBJECTIVE: The implemen- and large invertebrates is to maintain, improve,
tat¯on objective for resident fish species is toand restore populations of these species to levels
maintain and restore the distribution andthat existed in the early 1980s. Meeting this
abundance of resident native fish species, such as.objective would contribute to overall species
Sacramento blackfish, hardhead, tule perch, andrichness and diversity and reduce conflict between
Sacramento perch, and non-native species, such asthe need for their protection and other beneficial
white catfish, largemouth bass, and threadfinuses of water in the Bay-Delta.
shad, to support a sport fishery and healthy forage
populations. TARGET: Increase abundance ofmarine/estuarine

fish and large invertebrates, particularly in dry
TARGET: Meet the goals of the Native Fish years
RecoveryPlan (US Fish and Wildlife Service
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PROGRAMMATIC ACTIONS:General marine/estuarine species, factors relating to the
programmatic actions that will contribute to the , marine environment are also important and
target include improving winter/spring Delta effects are difficult to separate from estuary
outflow, restoring tidal wetland habitat, factors.
improving the aquatic foodweb, reducing losses of
larvae and juvenile marine/estuarine fishes at Low abundance ofmarine/estuarine species has
water diversions in the Bay and Delta, limiting the occurred along with a number of other changes in
introductions of non-native species, and reducing the estuary that could be a factor in suppressing
the input of toxic substances into Central Valley populations. Factors related and believed to
waterways, contribute to low marine/estuarine fish abundance

in the Bay-Delta include the following:
RATIONALE." There a~e many species of
marine/estuarine fish and larger invertebrates ¯ Low outflows in late winter and spring are
that live in and depend on the Bay or Delta for at believed to reduce movement of young

least a portion of their life cycles. Some of these marine/estuarine fish into the Bay and Delta.

are important contributors to the ecological This wouldreducefoodwebproduction,which

health and well being of estuarine, freshwater, affects the survival and production of
and anadromous fish that inhabit the Bay-Delta. marine/estuarine fish. Low flows are a
Some, such as the Pacific herring, northern . consequence of low rainfall and more

anchovy, starry flounder, shiner perch, Dungeness precipitation falling as winter rains than as
crab, and bay shrimp, depend at least partially on snow and limited winter and spring runoff in

the Bay-Delta as a nursery for young. At times, dry and normal years being held in basin
some of these species are among the most storage reservoirs.

abundant in the Bay-Delta and are essential .
elements of the foodweb that supports important ¯ Low Delta outflows limit transport of larvae
fish such as chinook salmon, white sturgeon, and and juveniles upstream into the Delta from
striped bass. the Bay by limiting estuarine circulation.

(Higher Delta outflow of freshwater on the
The abundance of starry flounder, Pacific surface, provides greater up-estuary
herring, bay shrimp, shiner perch, and other transport of marine waters along the bottom.)

species appears related to the amount of
freshwater outflow to the Bay. Freshwater ¯ Loss of larvae and juveniles into water

outflow contributes to food production, estuarine diversions in Suisun Bay, Suisun Marsh, and
flow patterns, habitat conditions, and water the Delta may reduce production, especially
quality. While some species, such as the Pacific years percentagein drier when the of
herring, spawn in the Bay, others spawn in the freshwater diverted is sharply higher than

ocean and their young migrate into the Bay and that in wdtter years.

Delta, by gravitational currents.aided tidal and
¯ Toxic water andsediment may also reduce the

The abundance of starry flounder, Pacific survival of marine/estuarine fish in the Bay

herring, bay shrimp, and shiner perch as and Delta. The effect may be indirect through

measured in California Department of Fish and poor plankton food supply or direct through
Game (DFG) Bay trawling surveys declined egg, larvae, or juvenilepoisoning.
during the 1987-1992 drought; some recovery
was evident by 1995. Generally, low abundance Other factors possibly contributing to the reduced
occurred in drier years, with this pattern abundance of marine/estuarine fish and large

particularly apparent for bay shrimp, starry invertebrates include competition or predation by

flounder, and Pac~ tic herring. For most of the recently established non-native fishes.. Two of the
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dominant non-native species, gobies and Asia assist in their recovery. Meeting this objective
clams, were introduced from ballast water of would contribute to overall species richness and
ships from Asia. Changes in the planlaon diversity and reduce conflict between the need for
foodweb from non-native species may also be their protection and other beneficial land and
contributing to the decline. " water-uses in the Bay-Delta.

BAY-DELTA AQUATIC I~OODWEB TARGET: Restore two core areas of suitable
ORGANISMS habitat, each consisting of about 500 acres (~).

IMPLEMENTATION OBJECTIVE: Restore the . PROGRAMMATIC ACTIONS: Evaluate the
estuary’s once-productive food base of aquaticfeasibilityofenhancing existing poor habitats and
algae, organic matter, microbes, and zooplankton,restore new habitats in historical wetlands,

grasslands, and upland areas.
TARGET: Increase populations and distribution
of important foodweb organisms and reduceRATIONALE: Restoring the giant garter snake
competition with invasive non-native speciesand western pond turtle will come indirectly from
(~). . restoring large areas of native Delta emergent

wetlands and adjacent grasslands in areas where
PROGRAMMATIC ACTIONS: Actions in the remnant habitats and populations of the snake
Suisun Marsh/North San Francisco Bayand turtle presently exist.
Ecological Zone that will contribute to reaching
the target for aquatic foodweb organisms include SWAINSON~S I-IAWK

improvements to ecological processes such as
.Delta outflow and natural floodplain and floodIMPLEMENTATION OBJECTIVE: The implemen-
processes; improving habitats such as tidaltation objective for the Swainson’s hawk is to
perennial aquatic habitat, tidal sloughs, and salineassist in the recovery of this State-listed
emergent wetland habitat; and the reduction orthreatened species. Recovery of Swainson’s hawk
elimination of the adverse effects ofstressors suchwould contribute to overall species richness and
as water diversion, invasive aquatic plants,diversity and reduce conflict between the need for
invasive aquatic organisms, and contaminants, its protection and other beneficial land and water

usesin theBay-Delta.
RATIONALE: Restoring populations of important
foodweb organisms through restoration of TARGET: Restore nesting density to nine nesting
important ecologicalprocesses, aquatic habitats, pairs per 100 square miles, improve foraging
and reducing the effects ofstressors will benefit habitat on Delta land, and increase riparian forest
juvenile fishes that rear in the Suisun and oakwoodlands(OOO).
Marsh/North San Francisco Bay Ecological Zone.
These species include delta smelt, long~qn smelt, PROGRAMMATIC ACTIONS: Restor~ riparian
chinook salmon, and striped bass. woodlands and improve wildlife habitat values on

agricultural lands. (Note: Please refer to the
GIANT GARTER SNAKE AND WESTERN implementation objectives, targets and

POND TURTLE programmatic actions in the Habitat section of the
Sacramento-San Joaquin Delta Ecological Zone

IMPLEMENTATION OBJECTIVE: The implemen- for acreages and general areas for restoration of
tation objective for the giant garter snake., ariparian, perennial grassland, and agricultural
federally listed threatened species, and westernlands.)
pond turtle, a species of special eoncern, is to
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RATIONALE: Because Swainson’s hawks are               CALIFORNIA BLACKRAIL
migratory birds and dependent on many factors

I outside the Delta, improving habitat, especially IMPLEMENTATIONOBJECTIVE: Theimplemen-
breeding habitat, in the Delta is an important step tation objective for the California black rail is to
in their recovery. Riparian forest habitat assist in the recovery of this State-listed

I restoration will provide breeding habitat, and threatened species. Recovery of the California
improved wildlife habitat on agriculturallands black rail would contribute to overall species
will provide the necessary foraging habitat for richness and diversity and reduce conflict between
breeding hawks, the need for its protection and other beneficial

land and water uses in the Bay-Delta.
CALIFORNIA CLAPPER RAIL

i TARGET: Enhance and restore tidal emergent
IMPLEMENTATION OBJECTIVE: The implemen- wetlands and adjacent upland habitat areas in the
ration objective for the clapper rail is to assist inDelta (~).

i the recovery of this State- and federally listed
endangered species. Recovery of the clapper railPROGRAMMATIC ACTIONS: Restoring tidal
would contribute to overall species richness andemergent wetland habitat would directly benefit
diversity and reduce conflict between the need forthe California black rail population.I its protection and other beneficial land and water
uses in the Bay-Delta. RATIONALE." Restoring large areas of freshwater

emergent wetlands is necessary to support blackI TARGET: Restore sufficient sa.ltmarsh habitat torail This species was uniquelyrecovery.
connect and combine separated saltmarsh habitatdependent on marshes that once dominated the

I
areas that support California clapper railBay-Delta landscape. Targets andprogrammatic
populations. This will enlarge protected areas andactions to restore fresh emergent wetland,
reduce intermarsh distances (~). perennial grassland, and agricultural lands are

presented within the Habitat section of the

I implementation objectives, targets, and
PROGRAMMATIC ACTIONS:’ Restoring programmatic actions for the Sacramento-San
saltmarsh and tidal emergent wetland habitatdoaquin Delta Ecological Zone.

¯ I would directly benefit the California clapper rail
¯ population. SUISUN SONG SPARROW

RA TIONALE: The primary purpose of this target IMPLEMENTATION OBJECTIVE: The implemen-
to develop adequate habitat for the species and tation objective for the Suisun song sparrow is to
establishment of secure, large populations. This assist in the recovery of this species. Recovery of
species requires large, well-developed tidal the Suisun song sparrow would contribute to
marshes, marshes with a high density of tidal overall species richnes~ and diversity and reduce
channels, to sustain populations that could conflict between the need for its protection and
achieve the desired objective. Such restoration other beneficial land and water uses in the Bay-
shouM be done adjacent to upland habitat where Delta.
feasible. The San Francisco Bay Area Regional
Wetlands Ecosystem Goals Project along with the TARGET 11 Increase the population of breeding
Tidal Marshes Species Recovery Plan currently in pairs of Suisun song sparrow between 70 and. 100
preparation will provide guidance on measures to percent compared to existing population estimates
achieve the objectives for this species, of 6,000 (@@).
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PROGRAMMATIC ACTION 1A: Encourage the than 6, 000 pairs remain in 13 isolated habitat
growth of upland vegetation on the upper banks offragments, with the largest of these population
levees to provide upland cover to protect againstfragments consisting of about 1,300pairs and the
predation during high tides and high flows, smallest about 20pairs; this represents 8percent

of its former numbers.
PROGRAMMATIC ACTION 1B: Establish

additional and protect existing dispersal corridors SALT MARSH HARVEST MOUSE
of suitable tidal brackish marsh along the banks
of tidal sloughs. IMPLEMENTATION OBJECTIVE: The implemen-

tation objective for the salt marsh harvest mouse
PROGRAMMATIC ACTION 1C: Maintenance is to assist in the recovery of this State- and
activities should be conducted to minimizefederally listed endangered species. Recovery of
disturbance to tidal brackish marsh° vegetationthe salt marsh harvest mouse would contribute to
and should not disturb breeding adults, overall species diversity and reduce conflict

between the need for its protection and other
PROGRAMMATIC ACTION 1D: Restore tidal beneficial land and water uses in the Bay-Delta.
habitat as specified for tidal saline emergent
wetland in appropriate areas with particularTARGET: Increase the existing population by
emphasis .on expanding existing fragments of100% (O,).
habitat to expand the number of known nesting
territories in the Suisun Marsh by 200 percent.PROGRAMMATIC ACTIONS: Restore high tidal

marsh habitats in proximity to upland habitats in
Rationale: Suisun song sparrows occur only in the Suisun Marsh/North San Francisco Bay
and around the Suisun Marsh, and are Ecological Zone Consistent with the recovery plan
physiologically and behaviorally adapted to this for this species.
area ’ s naturally occurring brackish tidal
condition. The number and distribution of this Rationale: Restoring tidal wetland and adjacent
~parrow is an indicator of the extent and upland habitats are essential elements of a
connectivity of tidal emergent wetlands in the restoration strategy for this species. Eliminating.
Suisun Bay and Marsh. Restoration of these fragmentation and restoring connectivity will
wetlands will help eliminate isolation of enhance habitatconditionsforthisspecies. For
fragmented populations by developing connecting instance, the habitat for this species has been
habitat through which dispersing birds can move degraded by tidal wetlands reclamation and by
and establish territories. Suitable tidal wetlands the loss of adjacent, suitable escape cover that is
provide vegetation required for nesting sites, needed during high tides or high flows.
song perches, and concealment during foraging. Fragmentation has also interfered with daily and
Suitable tidal wetlands also produce or harbor seasonal migratory movements and genetic

food, seeds or invertebrates, which is picked up interchange within the population (Novick and
on the ground. Hein 1982).

overall historical total tidal marsh habitat SHOREBIRDS AND WADING BIRDSThe
area is estimated to have been 104 to 1i5 square
miles or 66, 618 to 73, 712 acres. The estimated IMPLEMENTATIONOBJECTIVE: The implemen-
number of pairs of Suisun song sparrows tation objective for the shorebird and wading bird
expected to have occupied the available historical guild is to maintain healthy populations. Healthy
brackish tidal marsh habitat was 69, 949 to populations of these species would contribute to
77,398pairs. Recent estimates indicate that less overall species richness and diversity and reduce
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conflict between the need for their protection andspecies in the Pacific Flyway. Both species have
other beneficial land and water uses in the Bay-experienced significant declines in their
Delta. populations since the late 1970s. Actions

prescribed to improve permanent tidal and non-
TARGET: Improve populations and distribution tidal wetlands will benefit both species.
of shorebirds and wading birds (,~). Enhancing nesting for mallards and maintaining

the productivity of the area’s seasonal wetlands
PROGRAMMATIC ACTIONS: Shorebirds and will continue to support healthy populations of
wading birds will indirectly benefit from restoringdabbling ducks dependent on this Ecological
wetlands and tidal and non-tidal perennial aquaticZone.
habitat.

Managed marshes and wetlands, especially the
RATIONALE: privately owned duck clubs, provide the majorityRestoringlarge o f freshwater
emergent wetlands and adjacent perennial of waterfowl habitat. Implementation of related
aquatic habitat will provide feeding and nesting actions should seek to encourage the privately
habitat for- species of shorebirds and owned wetland managers to maximize the benefitsmany
wading birds. Additionally, enhancement of tidal to waterfowl and other species that utilize these

perennial aquatic habitats can be expected to important habitats.

increase the amount of mudflat available for
shorebirds. LANGE’S METALMARK, DELTA GREEN

GROUND BEETLE, VALLEY ELDERBERRY
WATERFOWL LONGHORN BEETLE

IMPLEMENTATION OBJECTIVE: The implemen- IMPLEMENTATION OBJECTIVE:      The

tation objective for waterfowl is to maintain implementation objective for the Lange’s
healthy populations at levels that can support bothMetalmark, Delta Green Ground Beetle, and
consumptive and nonconsumptive uses. Valley Elderberry Longhorn Beetle is to assist in

the recovery of these special status species.
TARGET: Increase migratory populations as wellRecovery of these species will contribute to
a resident populations ob breeding puddle ducks,overall species richness and diversity and reduce
Increase populations of diving ducks such asconflict between the need for their protection and
canvasbacks and redheads above the averageother beneficial uses of land and water in the Bay-
populations found in this ecological zone duringDelta. Restoring the habitats for these species
the 1970s (~,!~). will result in the restoration of important and rare

plant associations.
PROGRAMMATIC ACTIONS: Waterfowl will
indirectly benefit from restoring sloughs,TARGET: Increase populations of Delta green
wetlands, ri.parian, and tidal and non-tidalground beetles by establishing and securing
perennial aquatic habitat, habitat to support an additional viable and self-

sustaining colonyand maintainexisting
RATIONALE." Restoring large areas of riparian, populations( ).
freshwater emergent wetland, and adjacent
perennial aquatic habitat will provide feeding and PROGRAMMATIC ACTIONS: Acquire in-fee or
nesting habitat for many waterfowl species, onobtainconservationeasements lands the
Restoring populations of waterfowl with a focus northeastern portion of the Suisun Bay and Marsh
on diving ducks such as canvasbacks and Ecological Unit to provide habitat for Delta green
redheads will improve the status of these two groundbeetles.
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RATIONALE: The delta green ground beetle is . 1994¯ Draft briefing
found at the depson Prairie Preserve in Solano paper on introduced fish, wildlife and plants
County, which is in the Yolo Basin Ecological in the San Francisco Bay/Sacramento-San
Zone. The delta green ground beetle and its soft- Joaquin Delta Estuary.
bodied prey species depend on moist
environments such as those provided by Olcott .1994. Plant and wildlife
Lake and vernal pools within thb depson Prairie resources, technical advisory committee.
Preserve. Vernal pools and aquatic seasonal November.
habitats supply the critical needs of the delta
green ground beetle. Entomologists believe.that Brostoff, W., and D. Clarke. 1992. Monitoring
appropriate conditions for the species are found intertidal wetland establishment in the Pacific
in open, moist habitats with limited vegetative Northwest. Army Waterways Experiment

Station. Wetlands Research Program Bulletincover¯
2(3): 1-4.

The primary threats to the survival of the delta
green ground beetle have been, and continue to California Department of Fish and Game. 1991.
be, loss and alteration of its wetland habitat Final program environmental document:
primarily becauseofagriculturalconversion (i.e., ocean sport fishing regulations (14 CCR
the plowing and leveling of land); grazing; river 27.00-30.10).
channelization; and construction of dams,
drainage ways, and pipelines. Restoring large Chadwick, H. K, and C. E. von Geldern. 1964.
inter-connected areas of suitable habitat in the The desirability of introducing white bass,
northeastern portion of the Suisun Bay and Marsh Roccus chrysops, into California.
Ecological Unit will allow for the establishment of (Administrative Report 64-11.) Inland

¯ habitat in the configuration neededto increase the Fisheries Branch.
population of the Delta green ground beetle.

¯~974. Entrainment and

REFERENCES UsED TO thermal effects on mysid shrimp and striped
bass in the Sacramento-San Joaquin Delta. In

DEVELOP THE VISION FOR THE L.D. Jensen (ed.), Proceedings of Second

SUISUN MARSH]NORTH SAN Entrainment and Intake Screening Workshop.
Cooling Water Research Project, John

FRANCISCO BAY ECOLOGICAL Hopkins University. Baltimore, MD.

ZONE
Cummins, K. W. 1974. Structure and function of

stream ecosystems. BioScience 24(11): 631-Anderson, L. W. J. 1990. Aquatic weed problems
641.and management in North America. Pages
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SACRAMENTO RIVER ECOLOGICAL ZONE

migrate to the ocean as juveniles and return as
adults to spawn.

Ecological factors having the greatest influence
on the anadromous fish in the Sacramento River
include streamflow, natural sediment supply
(including gravel for fish spawning and
invertebrate production), stream channel
dynamics (meander), and riparian and riverine

. aquatic including legalhabitat.Stressors, dams,
and illegal harvest, high water temperature during.
salmon spawning and egg incubation, toxins from
mine drainage, hatchery stocking of anadromous
fish, and unscreened or poorly screened irrigation

\ diversions, have affectedthe health of
anadromous fish populations.

DESCRIPTION OF THE ZONE

The Sacramento River flows more than 300 miles
INTRODUCTION from Lake Shasta to Collinsville in the Delta,

where it joins the San Joaquin River. It is a major
The health of the Sacramento-San Joaquin Deltariver of the western United States and the largest
is dependent on the rivers and streams thatand most important riverine ecosystem in the
compose its watershed. They provide inflow, State of California. The river corridor
sediments, nutrients, spawning and rearing areasencomPasses more than 250,000 acres of natural,
for many aquatic species, and riparian corridorsagricultural, and urban lands upstream of
that support neotropical bird and other terrestrialSacramento. Various cropland habitats occur on
wildlife, such as western yellow-billed cuckooflat and gently rolling terrain adjacent to most of
and bank swallow, and invertebrate species. Manythis zone. Irrigated crops are mostly rice, grains,
estuarine fish species and their foodweb dependalfalfa, and orchard crops. Most of this cropland
on the input from the Sacramento River. Theis irrigated with water diverted from the
Sacramento River is the largest element of theSacramento River or its tributaries. Four National
Delta’s watershed, providing about 80% of theWildlife Refuges (Sacramento, Delevan, Colusa
inflow to the. Delta. and Sutter) are located either adjacent to or within

5 miles of the Sacramento River.
The Sacramento River is also an essential
spawning, rearing, and migratory pathway forThe River Ecological Zone (Figure 8)Sacramento
many anadromous fish populations, such asincludes 242 miles of the mainstem Sacramento
winter-run, fall-run, late-fall-run, and spring-runRiver from Keswiek Dam near Redding to the

salmon, steelhead, sturgeon, green (The remainingchinook white AmericanRiverat Sacramento.
sturgeon, striped bass, and American shad. All of.60 miles of the lower river downstream of
these populations must pass through the Delta andSacramento are included in the North Delta
Bay during portions of their life cycle as theyEcological Unit.) The mainstem river planning

area includes the river channel, gravel bars and
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vegetated terraces, the 100-year river floodplain,
and the geologically defined band of historic and
potential river migration (i.e., the meander belt).

Listing Status of Sacramento River Species

In the artificially narrow, leveed reach Species status of Listing
downstream of Colusa and extending to
Sacramento, an approximately 1-mile-wide band Winter-rUnchinookCEsA:ESA: endangeredendangered
of river alluvium and historic and potential forest
land that borders the levees is also included in this Spring-rUn ESA: status review
ecological zone. chinook CESA: candidate threatened

Late-fall chinook ESA: status review
This Ecological Zone encompasses five ecological
units: Fall-run chinook ESA: status review

Steelhead ESA: proposed endangered
¯ Keswiek to Red BluffDiversion Dam,
¯ Red Bluff Diversion Dam to Chico Landing, Green sturgeon Species of Special Concern
¯ Chico Landing to Colusa, Splittail ESA: candidate threatened
¯ Colusa to Verona, and
¯ Verona to Sacramento. Bank swallow CESA: threatened

Western yellow-
The entire ecological zone and its ecological units billed cuckoo CESA: endangered

are shown in Figure 8.
Valley elderberry

ESA: threatened

The National Marine Fisheries Service (NMFS)
longhorn beetle

has determined that critical habitat for the
endangered Sacramento winter-run chinook
salmon includes the enti.re Sacramento River fromSacramento River flow is controlled during much
Keswick Dam, river mile (RM) 302 to the Golden of the year by water releases at Keswiek and
Gate Bridge (NMFS 1993). Other fish dependent Shasta Dams. Tributaries, including many with no
on the Sacramento River Ecological Zone include major storage dam, provide a significant quantity
spring-run.chinook salmon, late-fall-run chinookof flow accretion, particularly through winter and
salmon, fall-run chinook salmon, steelhead, greenspring months. Prior to the construction of Shasta
sturgeon, white sturgeon, American shad, stripedReservoir, the river flows near Redding had a
bass, steelhead, and a resident native fishtypical winter and spring high-flow period and a
community, including the Sacramento splittail,summer low-flow period. Dry-year flows
Due to declining populations sized, many of thesetypically reached a peak near a monthly average
are species of special concern or listed underof 10,000 cubic feet per second (cfs) in March. In
provisions of the state of federal endangeredmore normal years, peak flows reached
species acts. One of the important attributes of theapproximately 20,000 cfs in March. Low summer
zone is its riparian forest, which supports a varietyflows averaged less than 5,000 cfs in dry and
of neotropical migrant bird species, the valleynormal years.
elderberry longhorn beetle, and many other
terrestrial species. The riparian vegetation is aSince completion of Shasta and Trinity Dams,
significant contributor to the food web and largestreamflows in the Sacramento River have
riparian forestseffectively moderate air changed markedly. Late-winter and spring flows
temperatures, in dry and normal years are stored in reservoirs

and released during the late-spring through fall
irrigation season. In addition to flows released for
irrigation in recent years, flows in excess of
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10,000 cfs have been augmented to assist in(cvP), which consists of Shasta, Keswick, and
controlling temperature for survival of winter-, Whiskeytown Dams and Red Bluff Diversion

I spring, and fall-run chinook salmon spawning,Dam (RBDD). They also include the Sacramento
egg incubation, and early rearing in the upperRiver Flood Control Project, which extends 180
river, miles south from Chico Landing and consists of a

I series of levees, weirs, and overflow areas, and
the Chico Landing to Red Bluff Comprehensive
Bank Stabilization Project, which is designed toHistorical Monthly Average Flow control lateral river channel migration. This

I project is about 54% complete but has not been

14000 worked on since 1984. The State Water Project
12000 (SWP), consisting of Oroville Dam and the

~l associated diversion works, has altered the flow10000
regime below the confluence with the Feather:~ 8000

~8000 River.

I ~. 4000

2000 Natural sediments include f’me suspended material
0 that causes elevated turbidity to coarser materials

I ¯ 3 F M A M d J A S O N D that include gravel and cobbles. Bedload
[] Normal Year [] Dry Year sediments also contribute to ecological health by

absorbing energy of water and dampen the

i Historical Streamflow below Keswick Dam, 1972-1992 (Dry year intensity of flood effects. Gravel recruitment isis the 20th percentile year; normal year is the
50th pereentile or median year.) limited by dams blocking downstream gravel

transport, bank protection, and gravel mining on
¯ l Unimpaired MonthlyAverageFIow tributaries. Deficiency in spawning gravels

I reduces the productive capacity of the river. This
is especially true in the 15- to 20-mile river reach
below Keswick Dam. Spawning gravel may be
adequate to support present salmon and steelhead
populations. As fish populations increase, gravel

~ replenishment will be necessary. Natural gravel
I tributary streams, particularlyrecruitmentfrom

~- from Cottonwood Creek, needs to be protected to
ensure that the gravel deficit does not increase.

I Spawning gravel needs protection from
J F M A M J J A S O N D degradation caused by excessive silt entering the

river from the tributaries. Watershed protection

I [] Normal Year [] Dry Year and comprehensive watershed management plans
Unimpaired Streamflows below Keswick Dam, 1972-1992 (Dry are needed in all the tributaries to reduce,erosion
year is the 20th percentile year; normal is the 50th percentile or of silts and sands that impair the quality of

i median year.) spawning gravels.

The Sacramento River and its tributaries above

I Several water development and flood controlShasta Dam have a cold temperature regime
projects have dramatically altered the river’ssuitable for year round salmon spawning.
natural flow regime, sediment transportAlthough the salmon cannot access this reach of

I capabilities, and riparian and riverine habitats,the ecosystem, the cold water can be managed
These projects include the Central Valley Projectusing the reservoir and dam to .replace the
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inaccessible upper portions of the watershed,two-thirds have been modified and confined by
Water temperature in the river is influenced bylevees, riprap, and flood control projects. These
water releases from Shasta and Keswick Dams instructures limit the dynamic forces that promote
drought and consecutive dry or critically drynatural habitat succession and regeneration along
years. Low flows, combined with warmwater the river. Channelization and bank protection
releases, cause the loss of many adult salmon andbetween Red Bluff and the Delta eliminate and
eggs spawned in the river, degrade many habitats by increasing the depth and

velocity of flow and reducing the hydraulic and
Sacramento River temperature control and powersubstrate diversity associated with more natural or
generation requires the installation of a multilevelundeveloped river systems. Bank protection also
outlet structure on Shasta Dam and a minimumreduces the amount of fresh gravel and shaded
fall carryover storage in the reservoir of about 2riverine aquatic~ habitat normally available to the
million acre-feet (MAF). Water temperature in the river through bank erosion.
Sacramento River near Knights Landing can be
improved by redirecting the Colusa Basin drainBetween Colusa and Red Bluff, natural riparian
and other agriculture return water to a receivingvegetation associated with the existing stream
water other than the Sacramento River or bymeander corridor plays a part in the natural
reuse, floodplain process. In turn, the diversity of

streamside vegetation and its overall condition are
The Colusa Basin drain originates north ofdependent on these same dynamic river processes.
Willows in Glenn County. The drain capturesRiparian vegetation effectively creates a buffer to
waters from the two major diverters located on thedecrease local flood flow velocities. This
west side of the Sacramento River, the Tehama-increases deposits of suspended materials derived
Colusa and Glenn-Colusa Irrigation districts infrom eroding banks. This erosion-deposition
¯ Glenn, Colusa, and Yolo Counties. Much of theprocess builds the midterrace and eventually the
water conveyed through the drain is recapturedhigh-terrace lands that support climax forest and
and reused before being discharged into theagriculture. Overbank flooding is essential for the
Sacramento River at Knights Landing near RMcontinued health of the riparian system. As silt
90. The combined volume of the water deliveredand seeds are deposited during these overbank
by the two districts can exceed 5,000 cfs duringwater flow events, the native vegetation is
the peak of the irrigation season, rejuvenated.

Water temperature is also affected by overhangingThe fragmentation of the remaining riparian
vegetation, which shades and moderates heat gainhabitat greatly diminishes its ability to support
by the water. This shaded riverine aquatic (SRA)viable wildlife populations.. This remaining
habitat has been significantly altered by bankhabitat is being further degraded by human
protection and flood control projects, activity and adverse land uses. The combined loss,
Reestablishing this edge vegetation wouldfragmentation, and deterioration of riparian
significantly improve SRA habitat, woody debris,habitat has caused, or is leading to, the extinction
and other riparian habitat along the Sacramentoor elimination of several wildlife species. The
River, which, in turn, should improve productiondrastic decline of the Swainson’s hawk, once one
and survival of salmon and steelhead, of California’s most abundant raptors, is in part a

result of the loss of riparian nesting areas. In
Historically, the riparian forest corridor along the1987, surveys documented such a low number of
river averaged 4 to 5 miles wide and encompassedyellow-billed cuckoos, that the species appeared
a significantly large area. Today only 5% of the.to be in danger of immediate extirpation. The
forests remain. One-third of the river length haselimination of the bank swallow appears likely if
natural banks and floodplain terraces; the otherbank protection work continues and if mitigation
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measures are unsuccessful. Various other animalflows for spawning adults and increased spawning
species and some plant species, including the habitat. Increasing flows in early spring also
Rose mallow, have population viability problemsassists in successful migration of juvenile chinook
as a result of adverse human impacts on ripariansalmon and steelhead.
habitat.

Improved peak flows in late winter and early
Reestablishing a viable riparian ecosystem alongspring are needed to benefit sturgeon spawning.
the upper Sacramento River region will increaseImproved stream meander corridors should also
the acreage and variety of riparian habitats andbenefit sturgeon.

the decline in wildlife, and humanreverse fishery,
use values. The U.S. Fish and Wildlife ServiceAll four races of chinook salmon require
(USFWS), the Wildlife Conservation Board improved streamflows, gravel recruitment, water
(WCB),. the National Audubon Society, The temperatures, riparian and riverine aquatic habitat,
Nature Conservancy (TNC), and other private and stream meander corridors, and reduction in
conservation groups are actively seeking tothe adverse effects ofstressors, such as high water
acquire conservation easements or fee ownershiptemperatures, unscreened diversions, contami-
of high-priority riparian lands along thenants, and harvest.
Sacramento River as a means to permanently save
these lands. Improvements in late-winter and spring

streamflows and stream meander corridors are
More than 100 miles of the Sacramento Riverneeded to benefit American shad spawning and
between Red Bluff and Colusa are wholly orrearing in the Sacramento River.
partially intact as a dynamic alluvial river
meander belt. Although about 20% of its banksSteelhead require improved streamflows and
are armored by riprap that protects levees andgravel recruitment in the upper river and
orchards, the river continues to erode its banksimproved water temperature and riverine habitat
naturally and form new banks from gravel andin the upper, middle, and lower reaches of the
sediment deposits on point bars and terraces,river.
These fluvial geomorphic features support a
time-dependent succession of young- and old-Striped bass, spawning in the Sacramento River is
growth forest and wildlife habitat that requires 65controlled by water temperatures. Fertilized
to 100 to reach full maturity (climax striped bass require sufficient stream flowsyears eggs
succession to valley oak woodland). New and velocities to maintain the eggs in suspension.
sediment and gravel that sustain this process areThe yellow-billed cuckoo along the Sacramento
supplied by a combination of eroding banks alongRiver above the Delta is not a species for which
the mainstem river and input from unregulatedspecific restoration projects are proposed.
upstream tributaries. New fish habitat isPotential habitat for the cuckoo will be improved
continually created by migrating gravel riffles andby improvements in riparian habitat areas that
deeper pools formed at bendways, and by matureresult from efforts to protect, maintain, and
trees and roots that overhang or topple into the~ restore riparian and riverine aquatic habitats
channel as the fiver naturally erodes through olderthroughout the Sacramento River Ecological
alluvial deposits supporting climax vegetation. Zone, sustaining the river meander belt, and

increasing the natural sediment supply to support
Improvements in the riparian and stream meandermeander and riparian regeneration.
corridors along the Sacramento River are needed
to improve spawning and early rearing habitat ofSpecific restoration projects are not proposed for
splittail. Late-winter and early-spring streamflowthe bank swallow populations along¯the
improvements are needed to provide attractionSacramento River above the.. Delta. Potential

I ~ ~
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habitat for bank swallows will be improved by and water delivery operations. The diverse and ¯
sustaining the river meander belt, and increasingcumulative nature of these variables requires a
the natural sediment supply to support meander~ holistic remedy to achieve ecosystem restoration I1
and natural sediment erosion and depositio.nin the Sacramento River. The most important
processes, factors causing mortality are being addressed in

various ways with interim or emergency actions.
Other problems in the Sacramento River affectingFish passage overthe 80-year-old ACID diversion |
anadromous fish include poorly screeneddam must be improved. A feasibility study is
diversions, seasonal dams installed in rivers, smallbeing conducted to identify alternatives to achieve
unscreened diversions, and a limited number ofthis goal. ACID canal operations need to be []
large diversions (>250 cfs). Two diversion damsstandardized to protect Sacramento River chinook
operate on the river seasonally: Anderson-salmon. This involves draining canal water
Cottonwood Irrigation District’s (ACID) through waste gates only on channels with fish ¯
flashbo~d dam in Redding that divertsbarriers at their confluence with the river, limiting
approximately 400 cfs and partially impairs thewaste-gate releases to 5 or 10 cfs to minimize
upstream and downstream migration of salmonattraction of salmon from the river, and providing 1
and steelhead, and RBDD, the gates of which aretotal containment of canal waters when toxic
in place from mid-May to mid-September to herbicides are present.
allow diversions up to 3,000 cfs into the Coming ¯
Canal and Tehama Colusa Canal. Both the damsFish passage at RBDD is a longstanding problem
and diversions have fish passage facilities and fish.that has been partially solved through reoperation.
screens. Fish p~sage facilities are inadequate atThis interim fix has constrained water diversion, ¯
both facilities, and the screen system at the ACIDand the longer term resolution needs to
diversion is not adequate. Although predationincorporate fish passage and survival and water

¯ problems associated with the dams have beendelivery. There is the potenti’al that the U.S. ¯
lessened, they still occur. . Bureau of Reclamation (Reclamation) research |

pumping facility at RBDD will allow "gates up"
All other water diversions along the river areoperation at RBDD from mid-September through
shoreline diversions. The largest is GCID’smid-May and allow Reclamation to fulfill its ¯
Hamilton City Pumping Plant on an oxbow off ofwater contract commitments. With the gates
the Sacramento River. It diverts up to 3,000 cfs ofraised, fewer squawfish congregate below the
water into the Glenn-Colusa Canal. Althoughdam, thereby reducing predation on juvenile
many improvements have been made to itssalmon as they pass under the dam gates. This
screening system, fish protection remainsalso provides unimpaired upstream and down-
inadequate and improvement efforts continue. Anstream migration for all anadromous fish in the 1
environmental impact report is being prepared toriver. During the period when the gates are open,
describe actions involved in resolving thethe gravels in the reach immediately above the
problem. In addition, hundreds of unscreeneddam are available for chinook salmon and 1
diversions located along the river operatesteelhead spawning, thereby, avoiding the need to
primarily in the spring-through-fall irrigationcompensate for its loss. Fish losses and delayed
season. Approximately 20 of these ~e large (>250migration, however, will still occur during the 4 ¯
cfs). Efforts are presently being made inmonths thedamgatesarelowered.
cooperation with the irrigators and resource
agencies to screen these larger diversions. Natural stream meander, river and floodplain ¯

interactions, and riparian plant communities have
The damage to fisheries and the riparian systembeen damaged by levees[bridges, bank protection, ~
associated with each of the problems in the upperand other types of inchannel structures. Where ¯
river varies according to the type of water-yearfeasible, natural stream meander should be
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allowed. To enhance this process, it is likely thatHarvest will remain an..important element that
riprap would be removed in specific areasinfluences the abundance of Central Valley

i - formerly subject to bank protection acti~,ities.~ anadromous fish populations. Harvest strategies
Bridge piers and abutments restrict streamneed to emphasize the protection of naturally
channel processes. Long-term remediation of thisproduced stocks with a focus on improving

i problem might include future redesign tospawner returns for winter-run and spring-run
accommodate river meander when bridges acrosschinook salmon and steelhead. Harvest has been
the Sacramento River are replaced, severely restricted in recent years to maximize the

return of winter-run chinook spawners, at a highI Unnatural levels of predation typically occur ineconomic cost to fishermen in terms of lost
the Sacramento River near instream Structures,opportunities to harvest abundant fall-run
such as diversion dams, bridge piers and pilings,chinook.

I and structures for diversionsupport pumps.
These provide stru.cture and shade which attractImproved management of anadromous fish
predators. This problem can be reduced in thepopulations, particularly chinook salmon and

i long term by redesigning, removing, .orsteelhead, requires the .development and
reoperating these structures to minimize theimplementation of a comprehensive coded-wire
creation of predator habitat, and by providingtagging and recovery program for hatchery stocks.

I escape cover in the form of shaded riverineData derived from these marking programs are
aquatic habitat, important to assess the contributions of hatchery

fish to the fisheries and escapements.
Competition is primarily between naturally andExperimental studies can be designed to evaluate
hatchery produced fish and is typically for foodthe interaction of hatchery and wild fish to that
and rearing area. The extent of adverse effects offuture management direction can be established.

I the interaction between hatchery and natural fish
has not been adequately investigated in theIn the interim, the annual production levels of
Central Valley, although Hallock (1987) reported each hatchery should be evaluated to ensure that

i that yearling steelhead released into Battle Creekthe hatchery goals are consistent with ecosystem
consumed large numbers of naturally producedrestoration and the recovery of listed species. In
chinook salmon fry. Competition may be athe longer-term, hatcheries should not produce
suitable subjectforfocusedresearchandadaptivefish at levels which exceed the mitigationi management, interim, hatchery requirements production goals.In the release andother
strategies and schedules Should be evaluated to
determine opportunities to reduce or eliminate theToxins from mine drainage on Spring Creek, enter

I potential for competition. Although the potentialthe river by of Keswick Dam and threatenway
adverse effects of hatchery fish on wild stocks ofsurvival of salmon and steelhead when sufficient
salmon and steelhead have not been adequatelydilution flows are not available from Shasta Lake.

I investigated, there is every reason to expectRecurrent non-point discharges of agricultural
adverse impacts in addition to competitionpesticides and herbicides occur, which may also
including predation, interference withadversely affect juvenile fish populations, other

I reproduction, increased fishing mortality due toaquatic organisms, and riparian and riverine
mixing in the ocean fishery, disease introduction,aquatic vegetation.
loss of local adaptations, and genetic

I introgression. Hatchery operations should be
evaluated and changed to minimize all these
potential problems.
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DESCRIPTIONS OF ECOLOGICAL CHICO LANDING TO COLUSA ECOLOGICAL

UNITS UNIT

KESWlCK DAM TO RED BLUFF DIVERSION The Chico Landing to Colusa reach (51 miles

DAM ECOLOGICAL UNIT from RM 194 to RM 143) includes the mouth of
Stony Creek and no other major tributaries. In this

The Keswick Dam to Red Bluff Diversion Dam reach, most of the high flow during storm runoff
events leaves the river along the east bank and

reach (59 miles from RM 302 to RM 243) enters the expansive floodplain of Butte Basin
includesthe mouthsof Ash, Bear, Cow, Inks, through three major flood relief out-falls at M&T
Stillwater, Andersbn, Battle, and Paynes creeksRanch, 3B’s, and Parrot Ranch, and farther
draining Mount Lassen, and of Spring, Clear, anddownstream through the Moulton and Colusa
Cottonwood Creeks draining the Coast Range andweirs near Colusa. Much of the river downstream
Klamath Mountains. Much of the river in this of Chico Landing has been subject to flood
reach flows through confined canyons, althoughcontrol with an extensive system of setback
portions have a broader floodplain. About 4 mileslevees, basin and bypass outflows, and
below Keswick Dam, the river widens to about streambank protective measures, such as riprap.
500 feet before entering the alluvial plains of theHowever, considerable riparian forest remains
Sacramento Valley below Red Bluff. This reachwithin the levees along the active channel. Levees
includes much urbanized and residential riverin this reach are 0.25 to 1.0 mile apart.frontage, but is not contained by levees as is
common on the downstream reach. More thanIn the Butte Basin overflow segment, more
75% of naturally spawning chinook salmon in theextensive bank revetment projects installed during
Sacramento River use this reach, while thethe past 30 years by landowners and the U.S.
r̄emaining spawners use the reach from RBDD toArmy Corps of Engineers (Corps) attempt to halt
Princeton, near Colusa. natural channel migration by fixing the river in a

static position. It was believed that natural
RED BLUFF DIVERSION DAM TO CHICO        channel migration and meander cutoffmight alter

LANDING ECOLOGICALUNIT flow splits that divert a major portion of river
floodflow over three major weirs into Butte Basin,

The Red Bluff Diversion Dam to Chico Landing where flooding volumes pose less risk to levee
Reach (49 miles from RM 243 to RM 194) overtopping. Recent hydraulic simulation studies
includes the mouths of eastside tributaries of theof this reach appear to indicate that the river is
Sacramento River that drain Mount Lassen andsomewhat self-adjusting to maintain similar Butte
the northern Sierra Nevada, including Antelope,Basin overflow volumes despite specific meander
Mill, Deer, Pine, Rock, and Big Chico Creeks. cutoffs that may occur. However, bridge
Westside streams that drain the upper valley andstructures (e.g., Ord Ferry Bridge) may be more at
parts of the Coast Range include Elder andrisk to major adjustments of the channel position
Thomes Creeks. South of Red Bluff, the riverwithin the floodplain.
meanders over a broad alluvial floodplain
confined by older, more consolidated geologic COLUSA TO VERONA ECOLOGICAL UNiT
formations (i.e., more cohesive deposits resistant
to bank erosion). The extent of river floodplainThe Colusa to Verona reach (63 miles from RaM
and active channel meander belt from Red Bluff143 to RM 80) includes the mouth of Butte Creek
to Chico Landing has remained relativelyat the Butte Slough outfall gate, but no significant
unchanged and includes a significant amount oftributary inflow until the Colusa Basin drain
riparian forest and wildlife, enters the river near Knights Landing at RM 90.

High flows leave the river by way of the Colusa
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and Tisdale weirs. Farther downstream, most flowThe pathway to this vision is through preservation
from the Sutter Bypass/Butte Slough andand restoration of erosional and depositional
Sacramento River leaves the river again at the 3-channel and floodplain ¯ forming processes,
mile-long Fremont weir and flows down the Yolo riparian and wetland habitats, spawning gravel
Bypass to the Delta at Rio Vista. Most of the recruitment, and reducing the extent and influence
levees in this reach are built close to the mainofstressors. It also includes managing streamflow
river channel, and little riparian forest or shadedand flow regime in ways that benefit ecosystem
riverine aquatic (SRA) habitat remains. Leveedhealth. Restoring the health and integrity of the
banks are steep, with extensive riprap and routineSa.cramento River Ecological Zone will provide a
removal of volunteer vegetation by localproductive and resilient foundation for the
reclamation districts to maintain levee stability onrecovery of the Bay-Delta estuary and the
the confined river channel. At the turn of theassociated fish, wildlife, and plant resources.
century, levees were built close to the banks to
help move sediment down the river to preventThe main stem Sacramento River above Verona
natural shoals that obstructed commercial rivermay be the most important sturgeon spawning and

Colusa and Red Bluff. This habitat in the Centralnavigationreaching rearing Valley,particularly
unit is the most important spawning area forin view of recent information regarding green
striped bass, and appropriate flow Velocities andsturgeon spawning in the river above Hamilton
water temperatures are required for successfulCity.
striped bass reproduction.

In addition to the vision for the Sacramento River
VERONA TO SACRAMENTO ECOLOGICAL Ecological Zone, individual visions have been

UNIT developed for ecological processes, habitats,
stressors, species, and ecological units. These

The Verona to Sacramento Ecological Unit (20 visions follow.
miles from RM 80 to RM 60) includes important
tributary inflow from the Feather River (and from VISIONS FOR ECOLOGICAL UNITS
Sutter Bypass and Butte Creek during high flows)
at RM 80 and from the American River at RM 60. VISION FOR THE KESWICK TO RBDD
High-flow outfall from the rivers and Sutter ECOLOGICAL UNIT
Bypass enters the Yolo Bypass via the Fremont
Weir. As with the upstream reach, most of theThe vision for the Keswick Dam to Red Bluff
levees in this reach are built close to the mainDiversion Dam Ecological Unit includes
river channel, and little riparian forest or SRAmaintaining a flow pattern that emulates the
habitat remains, seasonal hydrologic regime to the extent possible

while conserving the cool water pool in Shasta
VISION FOR THE ECOLOGICAL Reservoir, given the high level of development of

ZONE water and flood storage in the upper section. This
includes cooperative efforts to restore some
aspects of the natural hydrologic conditions of the

The vision for the Sacramento River Ecologicalupper Sacramento River. The Anadromous Fish
Zone is to improve, restore, and maintain theRestoration Plan’s (AFRP’s)targets of 3,250 to
health and integrity of the Sacramento River5,500 cfs from October 1 to April 30 are similar to

the rates of unimpaired average flows. In additionriverine-riparianand tributaryecosystemsto
provid.e healthy conditions for sustainable fish andto the AFRP base flow minimums, reservoir
wildlife populations and the plant communities oninflows should be released to the river to provide

8,000 to 10,000 cfs and 15,000 to 20,000 cfs flowwhichtheydepend.
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events for approximately 10 days in March of dry VISION FOR THE RED BLUFF TO CHICO ¯
and below normal years, respectively. Such flow LANDING ECOLOGICAL UNIT
events would support natural processes in the’
upper river, such as erosion, sediment transportThe vision for the Red Bluff Diversion Dam to 1
and sediment deposition, and stream channelChico Landing Ecological Unit emphasizes
meander, that depend on natural flow regimes. Inmaintaining and expanding the quantity and []
addition, this reach contains important year-roundquality of the stream meander corridor and its
spawning and incubation habitat for anadromousassociated riparian forest. The existing meander
salmonids, belt should be protected and improved to sustain []

the riparian and riverine aquatic habitat 1The vision highlights the restoration of ecologicalcomponent that is important habitat for winter-run
processes that naturally create and sustain habitatschinook Salmon and steelhead, other anadromous
needed to support and restore the endangeredfish species, riparian forest dependent species, ¯
Sacramento winter-run chinook salmon andsuch as yellow-billed cuckoo, other neotropical 1

species of concern, such as steelhead, spring-runmigrant bird species, and the valley elderberry
chinook, fall-run chinook, late-fall-run chinook, longhorn beetle. This reach also provides 1
and green sturgeon. Important ecologicalimportant spawning habitat for anadromous
functions of flow include maintaining andsalmonids, particularly fall-run chinook salmon.
supplementing the natural stream meander and
gravel recruitment processes, transporting andRestoring endangered species and species of
depositing sediment, protecting the limited’ special concern requires that water management
riparian corridor, providing cool water for all activities be consistent with maintaining
species of fish, and preventing potentialecological processes. These include flows that ¯
catastrophic fish losses resulting from anemulate the natural hydrologic regime to the
uncontrolled spill of toxic materials from Ironextent possible and are compatible with the high ¯
Mountain Mine (IMM) and Spring Creek debris level of development of water in the upper l
dam overflow, section. Important considerations include flows

needed to maintain natural stream meander
Because this ecological unit encompasses aprocesses, gravel recruitment, transport, |significant portion of critical holding, spawning,deposition, and establishment and growth of
and nursery area required by the endangeredriparian vegetation.
winter-run chinook salmon, most of the water ¯
diversions in this reach require positive-barrierBecause this ecological unit encompasses an
fish screens installed to protect juvenile salmonimportant portion of critical nursery and
and steelhead. A primary concern in thisemigration area required by the endangered 1
ecological unit is protecting and enhancingwinter-run chinook salmon, water diversions in
instream gravel resources .supplied to thethe section will require positive-barrier fish
mainstem river by the tributaries, screens to protect juvenile fish. In addition, recent 1

research on non-natal rearing in secondary and 1
Nursery areas for juvenile salmon would beephemeral tributaries indicates thatthese streams
improved by restoring or enhancing riparian andare important rearing habitat and refuges for 1
riverine aquatic vegetation throughout this unit,young chinook salmon and steelhead in the
particularly in areas immediately up- andSacramento Riversystem.
downstream of the mouths of some of the
tributaries described above. The broad riparian corridors throughout the unit 1

should be connected and should not be
fragmented. These corridors connect larger blocks
of riparian habitat, typically greater than 50 acres. ¯
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The riparian corridors should generally be greaterby modifying levees and berms to incorporate
than 100 yards wide and would support increasedhabitat structures, such as fish groins and low
populations of neotropical migrants, such as the.’ waterside berms that support natural growth and
yellow-billed cuckoo, and unique furbearers, suchwoody debris. However, in the long-term, it may
as the ring-tail and river otter.. Species such as thebe more beneficial and more cost effective to
bank swallow will benefit from the restoration ofconstruct set back levees.
processes that create and maintain habitat within
this unit. Important elements needed to attain the vision for

this unit include specific processes that maintain
Nursery areas for juvenile salmon should behigh-quality habitat for chinook salmon and
improved through the restoration of watersidesteelhead, as well as the other anadromous fish
emergent and riparian vegetation throughout thespecies. The continuance of the natural river
unit and particularly and downstream of themigration within its meander zone is essential toup-
mouths of some of the tributaries described above,create and maintain most of these habitats. A mix

of solutions will be employed to reduce the need
VISION FOR THE CHICO LANDING TO for future additional bank protection or separation

COLUSA ECOLOGICAL UNIT of the channel from its floodplain. Floodplain
management and detention measures that expand

The vision for the Chico Landing to Colusaflood protection for valley residents by reducing
Ecological Unit provides improved habitat andpeak flood stage within the leveed channel will
increased survival of many important fish andalso permit more undisturbed habitat to thrive
wildlife resources, within the river corridor. Measures will most

likely include strategic levee setbacks, expanding
Restoring endangered species and species offlood basin outflow capacity, and new flood
special concern requires that water managementeasements in basin lands that detain additional
activities be consistent with maintainingflood flows, thereby reducing river stage.
ecological processes..These include flows that
emulate seasonal patterns typical of the naturalIn this unit, broad riparian corridors should be
hydrologic regime, consistent with the high levelinterconnected with narrower corridors that are
of water development in the upper section,not subject to fragmentation. These corridors
Important considerations include flows needed toshould connect larger blocks of riparian habitat,
maintain natural stream meander processes andtypically larger than 50 acres. These blocks
gravel recruitment, transport and deposition, andshould be large enough to support the natural
maintenance of the limited riparian corridor incooling of the river by convection currents of air

section, would flowing from the cool, humid forests and acrossthis A long-termgoal betoset
back levees in this section consistent with floodthe river water. The wider riparian corridors
control requirements. This important conceptshould generally be greater than 100 yards wide to
should be integrated into future flood controlbetter support neotropical migrants, such as theany
planning efforts,                                 yellow-billed cuckoo. Cavity-nesting species,

such as the wood duck, and special-status species,
Closing gaps in the shoreline riparian vegetationsuch as the bank swallow, will benefit from
and nearshore aquatic habitat will berestoring the processes that create and maintain
accomplished by several means. These includehabitat within this unit. The narrower corridors
natural colonization or active restoration ofwould be 10 to 25 yards wide.

expanded floodplain along channels; reduction of
vegetation management by local reclamationNursery areas for juvenile salmon should be
districts (consistent with flood control improved by restoring waterside emergent and
requirements); and enhancement of channel banksriparian vegetation throughout this unit.
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Because this ecological unit encompasses aThe lack of channel capacity and proximity of
significant portion of the critical migration habitatlevees to the river in the lower two units in this
required by the endangered winter-run chinookzone are the primary reasons that many habitats
salmon, positive-barrier fish screens should beare degraded, discontinuous, or absent from this
used at water diversions in this section to protectpart of the river. There is simply no more room to
juvenile fish. restore large habitat nodes or corridors without

contributing to the flood risk. This is an area
In short, the vision for this and the previous unitwhere flood control, the potential for set back
combined could be summarized as preserving,levees, and ecosystem restoration requirements
managing, and restoring a functioning ecosystemmust be carefully evaluated and integrated. While
to ensure the sustainable maintenance of: the potential for meander restoration is less

feasible here than on other sections of the river,
¯ ’ a mosaic of varying age classes and canopysome degree of restoration is possible.

structure types of riparian forest,
VISION FOR TIlE VERONA TO SACRAMENTO

¯ a diversity of habitat types, including forest ECOLOGICAL UNIT
and willow scrub, cut banks and clean gravel
bars, oxbow lakes and backwater swales with The vision for the Verona to Sacramento
marshes, and floodplain valley oak/sycamoreEcological Unit provides for many important fish
woodlands with grassland understory, and wildlife resources that depend on partially

operational ecological processes and functions.
¯ uninterrupted gravel transport, deposition, Important elements needed to attain the vision for

cleansing, and replenishment, and this unit include specific processes and conditions
that maintain high-quality nursery and migration

¯ ¯ a complexity of shaded and nearshore aquatichabitat for adult and juvenile winter-run chinook
substrate (a surface on which plants orsalmon and steelhead and other anadromous fish
animals can grow) and habitats with well-species.
distributed instream woody cover and organic
debris. Restoring endangered species and species of

special concern requires that water management
VISION FOR THE COLUSA TO VERONA          activities be consistent with maintaining

ECOLOGICALUNIT ecological processes. These include flows that
emulate the natural hydrologic regime to the

The vision for the Colusa to Verona Ecologicalextent possible. Important considerations include
Unit provides improved habitat and increasedflows to maintain natural stream meander
survival of many important fish and wildlifeprocesses and gravel recruitment, transport and
resources. Important elements needed to attain thedeposition; maintaining a limited but continuous
vision for this unit include specific processes thatriparian corridor; providing water temperatures
allow the recovery of riparian forest and nearshoresuitable to support chinook salmon, steelhead, and
aquatic habitats and maintain high-quality habitatother anadromous fish; and reducing potential fish
for chinook salmon and steelhead and otherlosses resulting from toxic residues from
anadromous fish species. Because this reach is anagricu.ltural tailwater. Because this ecological unit
important seasonal component of the criticalencompasses a significant portion of critical
migration habitat required by the endangerednursery area required by the endangered winter-
winter-run chinook salmon, positive-barrier fish run chinook salmon, positive-barrier fish screens
screens should be used at water diversions in thisshould be used at water diversions in this section
section to protect juvenile fish. to protect juvenile fish.
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Closing gaps in the shoreline riparian vegetationanadromous fish populations. The Sacramento
and nearshore aquatic habitat will be accom-River has only a marginally healthy streamflow,
plished (consistent with flood control require-~ because storage reservoirs in the upper watershed
ments) by reducing vegetation management byreduce flood peaks during the winter and spring,
local reclamation districts and by enhancingreleasing the stored water during the summer
channelbanks. The letter entails modifying leveesmonths. The vision for these flow patterns can be
and berms that incorporate habitat structures (suchattained by supplemental short-term releases from
as fish groins and low waterside berms), whichthe major storage reservoirs to provide flows that
support natural growth and woody debris. Thisemulate natural peak flow events.
section presents the greatest potential for adding
oxbows and arms back into the river system. NATURAL SEDIMENT SUPPLY
These modification would enhance valley-wide
f̄lood control because an increased floodplainThe supply of sediments, including gravel, on the
would disperse and carry more water. NurserySacramento River is severely impaired by reduced
areas for juvenile salmon would be improved byinputs from tributaries and blockage of upstream
restoring emergent .riparian sources by Shasta Dam and Keswick Dam.waterside and
vegetation nodes throughout this unit, particularlySpawning habitat of salmon and steelhead and the
in areas immediately downstream of the mouth ofproduction of aquatic invertebrates are dependent
the American River. on the amount of suitable gravel in the river. Two

major sources of sediments include Cottonwood
In this unit, narrower riparian corridors should beCreek and natural bank erosion. The vision is to
connected and should not be fragmented. Theseuse natural processe.s to provide sediments to the
corridors would connect larger blocks of riparian system and to supplement sediment introductions
habitat, typically greater than 50 acres. Theseto the extent necessary to emulate natural
blocks would be large enough to support theconditions.
natural convection currents of air flowing from
the forests across the river, causing evaporative STREAM MEANDER
cooling of the river. The riparian corridors would
generally be 10 to 25. yards wide and would The meandering river process in the Sacramento
support cavity-nesting species, such as the woodRiver provides much of the habitat required by
duck, and provide perch and nest sites for raptors,anadromous fish populations that depend on the
such as .the Swainson’s hawk: Significantriver for spawning, rearing, and migration. The
expansion of riparian habitat is only possible ifmeander belt of the upper portion of the river
lower river peak floodflow can be reduced, or above Chico Landing is reasonably healthy and
where levees can be set back several hundred feetfunctioning, while the meander belt of the lower
at constricted bends to create expanded floodplainreaches of the river has been greatly limited by
nodes within the levees, river channelization, by a network of confining

levees, and associated development in the river
VISIONS FOR ECOLOGICAL floodplain. The vision is to maintain and preserve

PROCESSES existing areas of meander and to reactivate
meander in other that bankareas areimpairedby

CENTRAL VALLEY STREAMFLOWS protection activities.

Healthy streamflows are natural seasonal patterns ANDNATURALFLOODPLMN FLOOD

in late winter and spring, which include peak flow PROCESSES
events that ~upport many ecological processes and
functions essential to the health of theNatural floodplains above Chico Landing are

¯ present, but much of the floodplains below are no
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longer accessible due to levee construction,throughout all reaches of the Sacramento River,
Maintaining existing and restoring inaccessibleincluding the 143 miles below Colusa.
floodplains are important ecological components
needed to improve the health of the Sacramento

VISION FOR REDUCING ORRiver and the Delta. Actions proposed for
protecting the natural stream meander corridor ELIMINATING STRESSORS
along the Sacramento River will~ contribute to
improved connectivity of the river with its WATER DIVERSIONS
floodplain. The vision is to maintain existing
areas where the Sacramento River seasonallyWater diversions ranging from several cfs to
inundates its floodplain and to reestablish thisseveral thousand cfs lead to the loss of millions of
seasonal inundation in smaller areas that will bejuvenile anadromous and resident fish. Significant
subject to adaptive management and focusedprogress has been made in screening the larger
research, diversions, but screens are needed on the

remaining unscreened largest, many medium-
CENTRAL VALLEY STREAM sized, and small diversions. Losses at these

TEMPERATURES diversions continue to threaten the health of the
anadromous fish populations. The vision is to

High summer and fall water temperaturesconsolidate, relocate, and screen diversions along
continue to threaten the health ofanadromous fishthe Sacramento River to the extent that they no
populations in the river. Although actions havelonger impair other effo~s to restore anadromous
been taken to reduce high water temperatures, lowand resident fishes.
flows and the release of warm water from
reservoirs in drought years remain as very seriousDAMS, RESERVOIRS, WEIRS~ AND OTHER

¯ threats to the anadromous fish populations of the STRUCTURES
Sacramento River. The vision is that stream
temperatures will be manipulated to the extentDiversion dams and other structures in the
.possible to meet the biological requirements ofSacramento River directly and indirectly impair
aquatic organisms and that a healthy riparian andthe survival of adult and juvenile anadromous
riverine aquatic corridor will contribute to shadingfish. Structures delay or prevent the upstream
and moderating temperatures gains in the river, migration of adult fish during their spawning run,

which lowers the reproductive success and
VISION FOR HABITATS viability of the entire population. These diversion

structures can injure young fish as they migrate
RIVERINE AQUATIC downstream or cause disorientation, making themRIPARIANAND

HABITATS more susceptible to. predation. Predator fish that
are not able to migrate upstream may congregate
below these structures during times when prey

Habitats important to anadromous fish productionspecies are abundant. The vision is to modify,
in the river are impaired by development alongremove, or reoperate structures in a manner that
the river and by development in the healthygreatly lessens adverse affects on aquatic
meander belt of the upper river. The vision is toorganisms.
maintain and restore extensive areas of riparian
and riverine aquatic habitats. The primary area for
this is along the Sacramento River above Colusa.LEVEES, BRIDGES, AND BANK PROTECTION

However, contiguous riparian habitats arē
Most of the biological productivity in large riverextremely important to fish and wildlife
ecosystems occurs in the floodplain. Levees tend
to sever the river from its floodplain and thereby
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reduce this productivity. Bridges and bankcases, the removalofinvasiveplantswillrequire
protection limit the lateral migration of the riverthe replanting of native vegetation to maintain
channel. The vision is to modify, remove, oradequate levels of herbaceous cover, canopy
reoperate structures in a manner that greatlyclosure, habitat structure, and to limit exotic
lessens adverse affects on ecological processesrecolonization.
and aquatic organisms.

PREDATION AND COMPETITION
INVASIVE RIPARIAN AND

SALT MARSH PLANTS                 Predation and competition are natural ecological
functions. For example, Sacramento squawfish

IMPLEMENTATION    OBJECTIVE:    Reduce are a large native predatory minnow which
populations of invasive nonnative tree and shrubevolved along with other fishes in the Sacramento
species that compete with the establishment andRiver system. Predation by this species under
succession Of native riparian vegetation in thenatural environmental conditions is a natural
Sacramento River Ecological Zone. Achievingcoo.logical function. However, large-scale

objective would assist in the natural habitat, streamflow, and thethis alterationsof

reestablishment of native riparian vegetation inconstruction of instream structures has provided
floodplains, increase SRA cover for fish, increasean advantage to predatory species by eliminating
habitat values for riparian wildlife, and restoreescape cover for young fish and providing types
and maintain the health of Delta aquaticof habitat that harbor predatory fish. Unnatural
resources, levels of predation or competition can result in

adverse effects to important sport and commercial
TARGET 1: Reduce the area of invasive non-fisheries and species of concern. The vision is that
native woody species, such as giant reed (i.e.,predation and competition can be abated by
arundo or false bamboo) and salt cedarremoving, redesigning, or reoperating inwater
(Tamarisk), that compete with native riparianstructures, diversion dams, hatchery practices, and
vegetation (~). restoring riparian and riverine aquatic habitats.

PROGRAMMATIC ACTION 1A: Implement a CONTAMINANTS
program along the length of the Sacramento River
to remove and suppress the spread of invasiveHeavy metals from Spring Creek are a continuing
non-native plants that compete with nativeproblem for fish in the upper Sacramento River,
riparian vegetation, as well as non-point sources of contaminants in

the lower river reaches, such as agricultural return
PROGRAMMATIC ACTION 2B: Implement a flow at Knights Landing;. The vision is that
program eliminates invasive woody plants thatcontaminants will not impair efforts to restore
could interfere with the restoration of nativeanadromous and resident fish populations.
riparian vegetation.

HARVEST OF FISH AND WILDLIFE
RATIONALE: Invasive non-native plants have
altered ecosystem processes, functions, and The andlegal harvestof anadromouSfish
habitats through a combination of changes such within the river, estuary, and ocean constrains
as those to the foodweb and those of competition recovery of wild populations of anadromous fish
for nutrients, light, and space. The prescribed in the Sacramento River. the fraction ofReducing
actions are primarily to improve habitat for many the wild population harvested will most likely be
fish and wildlife species and to supportfoodweb necessary to allow recovery of populations to a
functions by establishing extensive riparian healthy condition. The vision is that harvest
habitat along the Sacramento River. In most
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strategies will complement efforts to rebuild "stream meander corridors should also benefit
anadromous fish populations, sturgeon. The vision is that restoration of

ecological processes and habitats, along with a
ARTIFICIAL PROPAGATION OF FISH reduction of stressors, will contribute to stable and

larger sturgeon populations.
Stocking hatchery-reared salmon and steelhead in
the Sacramento River and some of its tributaries CHINOOK SALMON
supports important sport and commercial fisheries
and mitigates loss of chinook salmon andFour races of chinook salmon will .benefit from
steelhead from the construction of large dams andimproved streamflows, gravel recruitment, water
reservoirs. Hatchery fish also supplement thetemperatures, riparian and riverine aquatic habitat,
numbers of naturally spawning chinook salmonand stream meander corridors. The vision is that
and steelhead in the river. However, hatcheryrestoration of ecological processes and habitats,
salmon and steelhead may impede the recovery ofalong with a reduction of stressors, will contribute
wild populations by competing with wild stocks to stable and larger chinook salmon populations.
for food and space. Hatchery-raised stocks,
because of interbreeding, may not be genetically STEELHEAD TROUT
equivalent to wild stocks or may not have the
instincts to survive in the wild. If these stocksSteelhead will benefit from improved streamflows
breed with wild populations, overall geneticand gravel recruitment in the upper river and
integrity suffers. Improvements in hatcheryimproved water temperature and riverine habitat
practices are necessary to ensure recovery of wildin the upper, middle, and lower reaches of the
salmon and steelhead populations. The vision is toriver. The vision is that restoration of ecological
operate hatcheries in a manner that is fullyprocesses and habitats, along with a reduction of
.integrated into ecosystem management andstressors, will contribute to stable and larger
restoration of naturally spawning anadromoussteelhead populations.
fish. ..

STRIPED BASS
VISIONS FOR SPECIES

Striped bass spawning in the Sacramento River is
SPLITTAIL                      controlled by water temperatures. Fertilized

striped bass eggs require sufficient stream flows
Improvements in the riparian and stream meanderand velocities to maintain the eggs in suspension.
corridors along the Sacramento River willStriped bass will benefit from management of
improve spawning and early rearing habitat ofstreamflow, water velocities, and. water
splittail. Late-winter and early-spring streamflowtemperatures. The vision is that restoration of
improvements will provide attraction flows for ecological processes and habitats, along with a

adults and increased spawning habitat,reduction of stressors, will contribute to a stablespawning
The vision is that restoration of ecologicaland larger striped bass population.
processes and habitats, along with a reduction of
stressors, will contribute to a stable and larger AMERICAN SHAD

splittail population.
Improvements in late-winter and spring

WHITE STURGEON AND GREEN STURGEON streamflows and stream meander corridors will
benefit American shad spawning and rearing in

Improved peak flows in late winter and early the Sacramento Kiver. The vision is that
spring will benefit sturgeon spawning. Improvedrestoration of ecological processes and habitats,
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along with a reduction of stressors, will contributeSeveral major restoration efforts are either being
to a stable and larger American shad population,developed or implemented by state and federal

agencies. They will greatly contribute to the
WESTERN YELLOW-BILLED CUCKOO success of effort to restore ecological health to the

Sacramento River.
The yellow-billed cuckoo along the Sacramento
River above the Delta is not a species for which CENTRAL VALLEY PROJECT
specific restoration projects are proposed. IMPROVEMENT ACT
Potential habitat for the cuckoo will be expanded
by improvements in riparian habitat areas. TheseThe U.S. Fish and Wildlife Service (USFWS) and
improvements will result from efforts to protect, the Bureau of Reclamation (Reclamation) are
maintain, and restore riparian and riverine aquaticimplementing the Central Valley Project
habitats throughout Improvement Act (CVPIA), which provides forthe SacramentoRiver
Ecological Zone, thus sustaining the riverrestoration of habitats and species and elimination
meander belt, and increasing the naturai sedimentof many stressors. Key elements of the CVPIA
supply to support meander andriparian include the Anadromous Fishprogram
regeneration. Restoration Program (USFWS 1997) and the

Anadromous Fish Screening Program. Other
BANK SWALLOW elements are directed at spawning gravel

replenishment, fish passage, water temperature
Specific restoration projects are not proposed forcontrol in the reach between Keswick Dam and
the bank swallow populations along theRBDD, water acquisition, and other measures that
Sacramento River above the Delta. Potentialwill contribute to health of the Sacramento River
habitat for bank swallows will be improved by and Sacramento-San Joaquin Delta Ecological
sustaining the river meander belt and increasingZones.
the natural sediment supply to support meander
and natural sediment erosion and depositionThe vision for the Sacramento River Ecological
processes. Zone will contribute to and benefit, from the

Anadromous Fish Restoration Program, which

INTEGRATION WITH OTHER strives to double the natural production of anadro-
mous fish in the system over the average

RESTORATION PROGRAMS production from 1967 through 1991.

Attaining the vision for the Sacramento RiverIn addition to the Anadromous Fish Restoration
Ecological requires near-term funding Screening programs,Zone and andAnadromousFish the
implementing actions to achieve the targets. ThisCVPIA requires the Secretary of the Interior to
includes managing water project operations,implement a wide variety of Central Valley
purchasing title or easements of land from willingProject (CVP) operation modifications and
sellers, cooperatively developing and imple-structural repairs in the Central Valley for the
menting a phased fish screening program,benefit of the anadromous fish resources..acquiring and placing gravel, and performingSections 3406(b)(1) through (21) of the CVPIA
engineering studies to improve fish passage atauthorize and direct the Secretary, in consultation
diversions and dams. Significant areas of thewith other state and federal agencies, Indian
Sacramento River between Red Bluffand Colusatribes, and affected interests to take the following
actively meander. Management actions shouldactions, all of which will ultimately assist in
aim to protect this functioning process where it isprotecting and restoring a wide variety offish and
.intact, in addition to restoring channel migrationwildlife resources, habitats, and ecological
within the meander belt.
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function associated with the Sacramento and other[] Replenish spawning gravel and restore ¯
rivers in the Central Valley. riparian habitat below Shasta Reservoir.

[] Modify CVP operations to protect and restore [] Install new control structures at the Delta 1
natural channel and riparian values Cross Channel and Georgiana Slough.

[] Modify CVP operation based on [] Construct, in cooperation with the State and 1
recommendations of the USFWS after in consultation with local interests, a
consultation with the CDFG. seasonally operated barrier at the head of Old

River.
I[] Manage 800,000 acre-feet of CVP yield for

fish, wildlife,, and habitat restoration purposes[] In cooperation with independent entities and
after consultation with USBR and CDWR and the State, monitor fish and wildlife resources ¯
in cooperation with the CDFG. in the Central Valley.

[] Acquire water to supplement the quantity of[] Resolve fish passage and stranding problems
water dedicated for fish and wildlife water at Anderson-Cottonwood Irrigation District
needs including modifications of CVP Diversion Dam.
operations; water banking; conservation; 1
transfers; conj.unetive use; and temporary and[] Reevaluate carryover storage criteria for
permanent land fallowing, including reservoirs on the Sacramento and Trinity
purchase, lease, and option of water, water rivers ¯
rights, and associated agricultural land.

[] Participate with the State and other federal
¯ [] Mitigate’for Tracy Pumping Plant operations, agencies in the implementation of the on-

going program to mitigate for the Glenn-
[] Mitigate for Contra Costa Pumping Plant Colusa Irrigation District’s Hamilton City

operations. Pumping Plant.

[] Install temperature control device at Shasta[] Assist the State in efforts to avoid losses of
Dam. juvenile anadromous fish resulting from

unscreened or inadequately screened           ¯
. [] Meet flow standards that apply to CVP. diversions.

[] Use pulse flows to increase migratory fishIn addition to the aforementioned CVPIA actions, 1
survival. Section 3406(e)(1 through 6) directs the Secretary

to investigate and provide recommendations on
[] Eliminate fish losses due to flow fluctuationsthe feasibility, cost, and . desirability of i1

of the CVP. implementing the actions listed below. When
completed, these actions will provide additional

[] Minimize fish passage problems at Red Bluffunderstanding of the overall ecosystem problems ¯
Diversion Dam. and provide additional measures which will

benefit anadromous fish..
[] Implement Coleman National Fish Hatchery ¯

Plan and modify Keswick Dam Fish Trap. [] Measures to maintain suitable temperatures
for anadromous fish survival by controlling or

[] Provide increased flows and improve fish relocating the discharge of irrigation return
passage and restore habitat in Clear Creek.
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I flows and sewage effluent, and by restoringmeander corridor and establish a riparian
riparian forests, conservation area from Keswick Dam to Verona.

I ¯ Opportunities for additional hatchery The vision for this important ecological zone will
production to mitigate the impacts of water assist the Upper Sacramento River Advisory

i development and operations on, or enhanceCouncil’s Riparian Habitat Committee (SB1086
efforts to increase Central Valley fisheries:committee) as it progresses with its plan to restore
PROVIDED, that additional hatchery a naturally sustained riparian corridor, including

I production shall only be used to supplementa designated meander belt and extensive forests,
or to re-establish natural production while between Keswick Dam and Verona.
avoiding adverse effects on remaining wild
stocks. ENDANGERED SPECIES RECOVERY PLANI IMPLEMENTATION

¯ Measures to eliminate barriers to upstream
and downstream migration of salmonids. The ERPP will be an important, if not major,I in the successful ofcomponent implementation

¯ Installation and operation of temperaturerecovery measures for species listed under either
control devices at Trinity Dam and Reservoir. the State or Federal ESAs. For example, many of

I the targets and programmatic actions listed later
¯ Measures to assist in the successful migrationin this section are derived from existing recovery

of anadromous fish at the Delta Crossplan. Two plans ofmajor importance include the

I Channel and Georgiana Slough. Recovery Plan for the Sacramento/San Joaquin
Delta Native Fishes (U.S. Fish and Wildlife

¯ Other measures to protect, restore, andService 1996) and the NMFS Proposed Recovery
¯ ~1 enhance natural production of salmon and.~ Plan for the Sacramento River Winter-run

steelhead in tributary streams ofthe Chinook Salmon (National Marine Fisheries
~Sacramento River. Service 1997).

I Section 3406(g) of the CVPIA directsthe Because the ERPP addresses endangered species
Secretary to develop models and data to evaluatefrom a broader ecosystem perspective, many

i the ecologic and hydrologic effects~ofexisting andrestoration actions will benefit broad species
alternate operations of public and private watercommunities and the habitats upon which they
facilities and systems to improve scientificdepend. These include actions to benefit aquatic
understanding and enable the Secretary to fulfilland terrestrial fish and wildlife species as well as

I . special plants and plant communities.requirementsof theCVPIA.

UPPER SACRAMENTO RIVER FISHERIES State and federal agencies responsible for floodI AND RIPARIANHABITATADVISORY control and natural river resources should
COUNCIL collaborate with local jurisdictions, landowners,

and river conservation organizations to seek

I Established in 1986 by Senate Bill 1086, thissystemwide solutions, particularly those that
council has develop a restoration plan andemphasize non-structural solutions to flood
undertaken efforts to eliminate structuralcontrol and floodplain protection and restoration.
problems related to fish passage and entrainmentIn particular, the U.S. Army Corps of Engineers
(Resources Agency 1989). The present focus of(Corps) should develop a physical model of the
the Council is to develop and implement ariver system and its floodplain (similar to the

I program to protect and preserve the streamButte Basin study, but on a larger scale) to test
hypotheses for complex rerouting, detention, and

I ~
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bypassing of floodwater. A Sacramento ValleyRestoring and maintaining ecological processes
hydraulic and sediment transport model will beand functions in the Sacramento River Ecological
integrated with an evaluation of ecologicalZone. are highly~-dependent on actions and
functions dependent on these physical processesconditions in adjacent zones. For example,
and on the interaction of elements of themaintaining the riparian forests and stream
ecosystem recovery and land use with floodwaymeander quality of the Sacramento River above
capacity. Chico Landing is dependent on input of largely

unregulated flow and sediments from Cottonwood
Completion of studies and subsequentCreek and several undammed tributaries draining
implementation of the U.S. EnvironmentalMount Lassen and the northern Sierra Nevada.
Protection Agency (EPA) remedies for the IMM Therefore, restoring and maintaining important
Superfund site are needed to-attain the safe metalecological processes in Cottonwood Creek and
concentrations identified in the basin plan.other nonregulated tributaries is absolutely
Pollution control remedies are required at theessential to maintaining the ecosystem health of
IMM portal for discharges of remaining sulfide "the Sacramento River.
ore deposits inside the mountain, the discharges
from tailing piles, and the metal sludge inCottonwood Creek is the most important
KeswickReservoir. watershed component in the upper river

downstream of Shasta Reservoir and controls and
In reaching the vision for this ecological zone,supports the maintenance of ecological processes
many cooperative programs need to be developedand functions in the upper Sacramento River. The
with federal, state, and local agencies, as well asCottonwood C~eek Ecological Zone is discussed
local interests, such as watershed groups andseparately, but its importance to the ecological
individual landowners. The cooperative approachhealth of the upper Sacramento River is

¯ also applies to efforts to redirect some industries,emphasized here, because it is the largest
such as the aggregate resource industry, to areasremaining undammed tributary with natural
outside the active stream channel. These effortshydrologic conditions and sediment
require support from the industry and counties tocharacteristics. In the winter 1986 flood, more
undertake new programs, than half the flow (and presumably gravel and

sediment) in the Sacramento River originated in
LINKAGE TO OTHER Cottonwood Creek~ greater than the volume

represented by all other north-valley streams
ECOLOGICAL ZONES combined.

The Sacramento River Ecological Zone isLikewise, some fish species depend exclusively
dependent on virtually all of its adjacenton theSacramentoRiverformigration, spawning,
ecological zones, which cumulatively contributeand nursery habitat, while some species that use
to the maintenance of important ecologicalother ecological zones for spawning use the
processes and functions, particularly water,Sacramento River as primary migration, nursery,
sediments, and nutrients. However, many large,and emigration habitat. Other important
westside streams no longer provide significantecological zones dependent on the resources of
sediment and gravel to the mainstem riverthe SacramentoRiverincludetheSacramento-San
because of the placement of large reservoirs orJoaquin Delta Ecological Zone and the Suisun
sediment control basins, and instream gravelMarsh/San Francisco Bay Ecological Zone. These
mining that depletes gravel sources in the channelzones, in turn, provide essential foodweb prey
for downstream transport, species and critical rearing habitat for

outmigrating anadromous fish that spawn in the
Sacramento River and its major tributaries.
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Additionally, stressors important to fish and ECOLOGICAL PROCESSES
wildlife species using the Sacramento River
during at least part of their life cycle occur outside~ CENTRAL VALLEY STREAMFLOWS
the identified ecological zones. For example,
ocean recreational and commercial salmonIMPLEMENTATION,OBffECTIVE: The implemen-
fisheries remove a large portion of the potentialration objective for Central Valley streamflows is
spawning adults from the population each year.to restore basic hydraulic conditions to reactivateNew harvest management strategies for the oceanand maintain ecological processes that create and
fisheries will be needed to augment improvementsustain habitat required for healthy fish, wildlife,
to inland ecological processes and functions thatand plant populations.
maintain key habitats for salmon. Water quality of
agricultural tailwater throughout the Colusa BasinTARGET 1: More closely emulate the seasonal

streamflow patterns in dry and normal year- typesthat reentersthe SacramentoRiveratKnights
Landing or Prospect Slough (Yolo Bypass)affectsby allowing a late-winter or early-spring flow
the health and survival of juvenile fish and preyevent of approximately 8,000 to 10,000 cfs in dry

years and 15,000 to 20,000 cfs in below normalspeciesin theriver,dependingon thetemperature,
toxicity level, dilution ratios, and contaminantwater-years to occur below Keswick Dam (~).
concentrations and presence of loadings.

PROGRAMMATIC ACTION 1A: Provide a flow
IMPLEMENTATION OBJECTIVES~ event by supplementing normal operating flows

TARGETS~ AND PROGRAMMATIC
from Shasta and Keswick Dams in March during
years when no flow event has occurred during

ACTIONS winter or is expected to occur. Flow events would
be provided only when sufficient inflow to Lake

Targets developed for the Sacramento RiverShasta is available to sustain the prescribed
Ecological Zone can be classified by theirreleases. This action can be refined by evaluating
reliability in contributing to attainment of theits indirect costs and the overall effectiveness of
implementation objectives. The target achieving objectives.
classification system used in the following section
is as follows: TARGET 2: Maintain base flows of 6,000 to 8,000

cfs during fall (~).
Class Description
O, Target for which additional research, PROGRAMMATIC ACTION 2A: Provide flow

demonstration, and evaluation is needed toreleases from Shasta Lake and Keswick Dam
determine feasibility or ecosystem response, when necessa~, to provide the target base flows.

Releases would be made only when inflows equal
~ Target which will be implemented in stagesor exceed prescribed releases.

with the appropriate monitoring to judge
benefits andsuccesses. RATIONALE: Increasing releases from Shasta

Reservoir is the only means of maintaining base
~ Target that has sufficient certainty of successflows in the upper river. Late-winter or early-

to justify full implementation in accordance spring flow events of sufficient magnitude attract
with adaptive management, program priority and sustain adult salmon, steelhead, sturgeon,
setting, and phased implementation, and American shad; improve transport of juvenile

fish downstream; sustain riparian habitat; and
sustain gravel recruitment, transport, and
cleansing processes. The target flows are
consistent with historic and unimpairedflowsfor
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the Sacramento River in dry and normal years. Maintaining natural base flows will help promote
These flows may not occur in some years under natural channel forming, riparian vegetation, and
the present level of project development and ~ foodweb functions. Base flows also serve to
operation. Implementing the target level of the attract steelhead and fall-run and late-fall-run
flow event must necessarily be on a conservative . chinooksalmon. Unimpaired base flows in fall are
basis because of the potential cost to water approximately 4,000 cfs to 6,000 cfs in dry years,
supply. The fall flow pattern needs to be carefully and up to 8, 000 cfs in wetter years. Natural base
evaluated to ensure protection for incubating flows are prescribed only for fall, because, under
chinook salmon andsteelhead eggs. The chinook present project operation, flows in excess of
salmon andsteelheadthatspawninthefallhave 10,000 cfs are maintained in summer for
eggs in the river that incubate into the winter irrigation and to lower water temperatures for
season. Incubating eggs can be severely damaged winter-run salmon.
when wintertime releases from Keswick Dam are
dropped below the fall release levels. Other NATURAL SEDIMENT SUPPLY
concerns include maintaining high base flows
during the fall would cause temperature control IMPLEMENTATION OBJECTIVE: The implemen-
problems in the following year under conditions tation objective for natural sediment supply is to
of low carryover storage in Shasta Reservoir or establish sufficient quantities to riverine and
low inter inflow conditions. The fall flow needs to estuarine systems to restore or reactivate stream
consider the need for carryover storage to provide channel meander and point bar formation, provide
temperature control in the following year. sediments to rebuild wetlands and dhallow-water

habitats,andprovidefor nutrienttransport.
lf a flow event of equal or greater magnitude has
not occurred between Keswick Dam and Red Bluff TARGET 1: Increase gravel recruitment in the

¯by March, then supplementing base flows or upper Sacramento River between Keswick Dam
augmenting small natural releases or reservoir and the RBDD by 10,000 to 20,000 cubic yards
spills with i~dditional reservoir releases is the annually to provide adequate spawning habitat for
only means to provide flow events. Such releases targeted levels of salmon and steelhead and to
wouldbeusedonly if there is an equivalent or sustain stream meander processes below Red
greater inflow to Lake Shasta. March is the Bluff. (This is the estimated amount of spawning-
logical monthto provide such flows, because it is sized gravel captured annually by Shasta Dam.)
the month when "natural" flow events occurred ( ~)
historically in dry and below normal years, and
because opportunities for such flow to occur PROGRAMMATIC ACTION 1A: Develop a
"naturally"as a function of normal project cooperative program to stockpile gravel at
operation would have been exhausted by then. strategic locations along the Sacramento River
Water forecasts of the water-year type (critically below Keswick Dam where riverflow will move
dry, dry, below normal, above normal, or wet)are gravel into the river channel to mimic natural
available by February and March. The flow event gravel recruitment into the upper fiver. Determine
in March would be expected to proceed the adequacy of this action and adjust amount and
unimpaired downstream to the Delta, because few locations as necessary.
or no diversions from the Sacramento River occur
during March. (Note that additional flow events PROGRAMMATIC ACTION ¯ 1B: Develop a
are prescribed for the Feather River in March, cooperative program to reactivate gravel
which will further enhance Sacramento River recruitment to the river by exposing existing
flows below its confluence with the Feather ¯ sources of fiver gravel on islands, bars, and banks
River.) A.March flow event could also help satisfy that have become armored to riverflows. This
Delta outflow requirements, action should be implemented on a conservative
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basis, because the availability of such inchannelhuman-induced factors, the abandoned upper
gravel, costs of activating the gravel, indirectfloodplain may become a "terrace" (former
impacts, and potential effectiveness have not beenfloodplain) where riparian forest may then
determined, convert to valley oak woodlands or grassland-oak

savannah.
RATIONALE: Replenishing gravel supplies to a
level sufficient to support target populations of The characteristic three-dimensional shape of a
salmon and steelhead will help to improve river described above (its    ’fluvial.
populations to desirable levels and to maintain geomorphology" or landforms created by flowing
such levels once achieved Replenishing gravels to water) is indicative of a river that is in dynamic
maintain channel-forming processes and stream balance with the interaction of its flood regime,
meanders in the upper Sacramento River will help ~ediment supply, vegetation patterns, climate, and
to fish wildlife habitats, aquatic valley slope, with a natural shape andmaintain and Rivers
algae and invertebrate production, and hydrologic condition generally support the most
streamside vegetation (DWR 1980). A diverse mixture of habitats and fish and wildlife
predevelopment level of gravel recruitment should species and are the most resilient to natural or
be adequate to restore the natural ecological human disturbance.
processes supported by gravel recruitment, but
may require experimenting, monitoring, and STREAM MEANDER
experience to determine the exact amount of
gravel supplies necessary to meet the objective. IMPLEMENTATION OBJECTIVE: The implemen-
Implementation of gravel supplementation tation objective for stream meander is to maintain,
projects above RBDD will be subject to adaptive improve, or restore natural stream meander
management, with elements that include focused processes to allow the natural recruitment of
research on sediment transport processes, and sediments, create habitats, and promote riparian
monitoring of gravel quality and quantity, succession.
Sediment supplementation programs need to be
integrated with downstream channel forming TARGET 1: Preserve and improve the existing
processes, which will be subject to adaptive stream meander belt in the Sacramento River
management, as well as to a different set of between Red Bluff and Chico Landing by
indicators, monitoring, and focused research, purchase in fee or through easements of 8,000 to

12,000 acres of riparian lands in the meander zone
On the river sideof natural levees in alluvial (~). "
valleys, fluvial processes typically create dynamic
river meander including oxbow lakes 1A:patterns, PROGRAMMATIC ACTION Develop a
from bend cutoffs, secondary channels that carry cooperative program to evaluate the feasibility of
flow only during high stage, and nonvegetated removing riprap from banks to the extent possible,
point bars where new deposits of sand and gravel consistent with flood requirements,management
collect in low-energy zones of inside bends and and reduce effects of other structures, such as
bendway crossovers (riffles). In cross section, bridges, to provide a sustainable meander
natural alluvial streams are typically terraced corridor.
and asymmetrical, with steep banks on eroding
outside bends, low-angle banks on inside bends, PROGRAMMATIC ACTION 1B: Purchase
and several nearly horizontal surfaces easements to offset losses to property owners for
corresponding to river floodplain elevations of land lost to meander process.
various magnitude and frequency. If a river has
incised (i.e., eroded down below the original TARGET 2: Preserve and improve the existing
channelbed surface) as a result of natural or stream meander belt in the Sacramento River
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between Chico Landing and Colusa by purchase NATURAL FLOODPLAIN AND FLOOD
in fee or through easements of 8,000 to 12,000 PROCESSES
acres of riparian lands in the meander zone
(~’’). IMPLEMENTATION OBJECTIVE: The implemen-

tation objective for natural floodplains and flood
PROGRAMMATIC ACTION 2A: Develop a processes is.to modify channel and basin config-
cooperative program to evaluate the feasibility ofurations to improve floodplain function along
removing riprap from banks to the extent possible,rivers and streams in the Sacramento-San Joaquin
consistent with flood con~trol management, andbasin.
reduce effects of other structures, such as bridges,
to provide a sustainable meander corridor. TARGET 1: Increase and maintain floodplains in

conjunction with stream meander corridor
PROGRAMMATIC ACTION 2B: Purchase restoration ("10.
easements to offset losses to property owners for
land lost to meander process. PROGRAMMATIC ACTION 1A: Develop and

implement a cooperative program, consistent with
RATlONALE: Preserving and improvingthe stream flood control requirements, to evaluate the
meander belt below Red Bluff wilI ensure that this feasibility of altering river channel configurations
important natural process is maintained in the in leveed reaches of the Sacramento River to
Sacramento River. This reach is important for increase the areal extent of floodplains inundated
spawning and rearing salmon and steelhead. A during high flow periods.
natural meander process will provide near-
optimal habitat for spawning (through gravel RATIONALE: Floodplain inundation is the
recruitmenO, rearing (channel configuration, seasonal flooding of floodplain habitats, including
cover, and foodweb), and migration. There is riparian and river¯he aquatic habitats. Flooding
limited potential natural channel above Red Bluff. of these lands provides important seasonal habitat
Below Chico Landing, flood control levees limit for fish and wildlife and provides sediment and
the potential of restoring the natural meander of nutrients to both the flooded lands and aquatic
that reach. Overall, the program must be habitats that receive the returning or abating
consistent with flood control requirements and in floodwater. The flooding also shapes the plant
the longer-term, should reduce need for future and animal communities in the riparian, wetland,
flood control efforts by using natural system and upland areas subject to flooding. Floodplain
resilience and flood control characteristics, flooding is a secondary ecosystem process related

to water and sediment flow through the
During the selection process and during Sacramento-San Joaquin basin and . iheir
implementation, additional benefits will accrue by landforms. Opportunities to restore or enhance
looking for land within or adjacent to the this process are possible by changing landscape
meander belt wh.ich support special status species features, landforms, and seasonal distribution of
and to include these areas whenever available in flow volume through the system.
the acquisition. Some the species to be considered
include the valley elderberry longhorn beetle, Channel¯zing and shortening rivers; removing
bank swallow, western yellow-billed cuckoo, and instream vegetation and gravel; and creating
giant garter snake, symmetrical, trapezoidal channels sandwiched

between narrow, steep-sided levees diminish the
natural tendency of alluvial rivers to form
characteristic compound dimensions and patterns.
A channelized river may be relatively stable if the
potential for major flood events has been
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eliminated, sediment input is minimal, vegetation wet years, and between Keswick Dam and RBDD
¯ does not naturally grow along the banks, and the inother year types
channelbed is incapable of incising. The absence
of river floodplains and adequate meander width PROGRAMMATIC ACTION 1A: Cooperatively
for barandriffleformationwithinlevee-confined develop and implement a balanced river
channels preventsordepressestheformationof regulation program that provides sufficient
natural river morphology that is the structural carryover storage at Shasta Dam to ensure that
framework for riverine and estuarine fish and suitably low water temperatures are reached to
wildlife habitats. Stabilizing artificial banks with protect chinook salmon spawning, incubating
rock riprap and clearing vegetation further eggs, and young fish, particularly in consecutive
degrades habitat and diminishes natural channel- dry and critically dry years.
forming processes.

RATIONALE: The Objective for thetemperature
An important exception here is the existence of the upper Sacramento River is less than or equal to
Sacramento River basin overflow system: the 56°F from Keswick Dam to RBDD for operation
Butte basin and Sutter and Yolo Bypasses. of CVP in the State Water Resources Control
Although considerably smaller than their original Board’s (SWRCB ’s) Order 90-5. However, these
extent, these three floodplains move and detain criteria cannot be met consistently, and other
floodwaters in volumes and patterns similar 2o structural facilities and operation measures are
those of presettlement flow, while reducing the needed These facilities and operational measures
risk of overtopping levees near populated areas, must be developed and implemented to enable the
At flood peak, there is approximately five times long-term attainment of the SWRCB-required
more flow in the Sacramento River bypass temperature criteria.
floodplain system than in the main river channel
it drains. However, the floodplain bypass system .4 temperature control or "shutter device" has
does not exist in the largest historic flood basin of been installed to permit the selective withdrawal
the Sacramento River, the Colusa basin, which is of water from Shasta Reservoir over a wide range
disconnected by levees from the river. Also, the of depths and temperatures. With this device,
lowest areas of the Sutter basin are outside of the warm water could be withdrawn from the upper
levees and the Sutter Bypass traverses slightly lake levels when needed, while conserving the
higher ground on a portion of the historical basin deeper, cold water for release when it would most
floodplain, benefit Operatingchinook salmon. the

temperature control device allows Reclamation
CENTRAL VALLEY STREAM greater effectiveness and flexibility in temperature

TEMPERATURES control operations    while    maintaining
hydroelectric power generation. The temperature

IMPLEMENTATION OBJECTIVE: The implemen- control device also provides a secondary benefit
tation objective for Central Valley stream to anadromous fish by controlling ~urbidity.temp-
eratures is to maintain, improve, and restore waterBecause the temperature control device is
temperature regimes to meet the life-history needsinstalled and operational, operations and
of aquatic organisms, carryover storage requirements must be

reassessed and new criteria established to
TARGET 1: Maintain mean daily water optimize attainment of water temperature
temperatures at levels suitable for ~maintaining allobjectives.
life-history stages of chinook salmon and
steelhead in the Sacramento River betweenIn the long term, Sacramento River water
Keswiek Dam and RBDD in above normal and temperatures can be moderated by restoring a

healthy riparian forest, lmplicit in restoring an

¯
1 ~
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extensive riparian forest is a need to reconnect establishment of riparian woody plants along the
the river with its floodplain tO promote natural river.
riparian succession.

TARGET 2: Increase the ecological value of Iow-
I-IABITATS to moderate-quality SRA habitat by changing land

RIPARIAN AND RIVERINE AQUATIC

use and land management practices

I-IABITATS
PROGRAMMATIC ACTION 2A: Purchase property
or easements and allow habitat to improve

IMPLEMENTATION OBJECTIVE: The implemen- naturally. Properties to be considered should be
developed through a prioritizing process thattation objective for riparian and riverine aquatic

habitats is to restore riparian scrub, woodland, andConsiders habitat quality and importance,

forest habitat along largely nonvegetated rip-technical feasibility and cost of purchase and

rapped banks of Delta island levees, theimprovement, and consent of landowners.

Sacramento and San Joaquin Rivers, and major
PROGRAMMATIC ACTION2B: Provide incentivestributaries of the Sacramento and San Joaquin

Rivers to create riparian vegetation corridors,and technical support for private landowners to

The.se will provide shaded riverine aquatic coverprotect and improve existing SRA habitat.

for anadromous and other fish species and create
high-quality habitat for associated special-statusTARGET 3: Maintain existing streamside riparian

plant and animal species and other wildlife, vegetation (OOO).

PROGRAMMATIC ACTION 3A: Through purchase,TARGET 1: Provide conditions for riparian
vegetation growth along channelized portions ofconservation easement, and voluntary

¯ the Sacramento River (O). participation of landowners, protect SPA habitat
from development. Where high-priority properties
are already in government ownership or availablePROGRAMMATIC ACTION 1A: D6velop a
for purchase or easement, preservation effortscooperative program to plant vegetation on

unvegetated, riprapped banks consistent withshould be undertaken as experiments to develop

flood control requirements. Implementation willtechnical details, cost-effectiveness, and overall

occur in phases, results will be monitored andapproach and consensus for the program. Full

restoration approach will be adjusted as necessaryimplementation of this program would depend on
results of experiments and would be subject tounder adaptive management,
adaptive management.

PROGRAMMATICACTION1B:Setbackleveesmay
RATIONALE: Riprapped banks in the leveedbe constructed on leveed reaches of the river to

provide a wider floodplain and greatersection of the river below Chico Landing
downstream to Sacramento are the greatest causedevelopment of SPA habitat. Because of the
of SRA fragmentation. Restoring vegetation willpotential indirect impacts on land use and

uncertainty, of cost and technical feasibility ofbenefit juvenile salmon rearing by providing

setback levees, such development will becover andfood, spawning substrate for other fish,
such as Sacramento splittail, and refuge forexperimental and conservative, and will depend

on adaptive management, juvenile fish during periods of high water.
Improving low- to moderate-quality SPA habitat
will benefit juvenile salmon and steelhead by

PROGRAMMATIC ACTION 1C: Cooperatively
providing improved shade, cover, and fooddevelop and implement a study to determineWildlife will also benefit from improved habitat.

appropriate conditions for the germination and
Protecting and improving existing SPA habitat
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may involve changes in land use. Limited PROGRAMMATIC ACTION 1B: Develop a
available funds may require that priorities beset, cooperative program to upgrade screening at
with high-priority, low-costsites developed initi- ~ diversions with ineffective screening. Where
ally. For sites where consensus exists, immediate existing screening has proven less than effective
experimental action can be taken. Because of the and entrainment problems continue, immediate
importance and limited distribution and action should be taken to upgrade screens.
abundance of SRA habitat, all existing quality
habitat should be protected. PROGRAMMATIC ACTION 1¢: Develop a

cooperative program to reduce diversions when
In developing this element of the restoration plan, and where juvenile salmon are present in large or
it is important not to develop just a very long, significant numbers. Even with screens, some
narrow band of riparian vegetation. Although it diversions may pose a threat to young salmon and
needs further development, a "string-of-pearls" steelhead, may necessary to modifyand it be
approach should be considered. In this concept operations of the diversion. Such determinations
the long, narrow band of riparian vegetation will be made after necessary monitoring and
would be interspersed with larger patches of evaluation, and on a case-by-case basis. Decisions
riparian vegetation. This conceptwouldmeshwell will be made with agency and stakeholder
with nodes of setback levees to provide a minimal involvement and with consideration given to
floodplain, seasonal floodplain inundation, and appropriate alternatives.
natural or supplemented riparian revegetation.

PROGRAMMATIC ACTION 1D: Promote and

REDUCI~IG OR ELIMINATI~tG support relocating water diversions and

STRESSORS developing alternate methods of supplying water
from the Sacramento River that protect fish but
also minimize conflict with maintaining dynamic

WATER DIVERSIONS                 fluvial processes.

IMPLEMENTATION OBJECTIVE." The implemen- RATIONALE." Juvenile chinook salmon, steelhead,
tation objective is to reduce entrainment ofgreenandwhitesturgeon,Sacramentosplittail,
juvenile fish into water diversions to increase sur-and American shad are lost at water diversion
vival and population abundance to levels thatsites all along the Sacramento River during the
contribute to the overall health of the Delta and thatspring-to-fall irrigation season. (Note
reduce conflicts with other beneficial uses of landdiversion losses include direct loss into
and water, unscreened diversions and other losses associated

with the screened and unscreened intake facilities,
TARGET 1: Reduce entrainment of juvenilesuch as from predators, including squawfish and
salmon, steelhead, sturgeon, and splittail intostriped bass.) Reducing entrainment losses to
water diversions to levels that will not impairminimal levels is a reasonable target for the short
stock rebuilding or species restoration (,,,). term, given the existing poor health of many of the

fish populations that use the Sacramento River
PROGRAMMATIC ACTION 1A: Develop a and its tributaries for spawning and rearing of
cooperative program to screen all diversionsyoung. Emphasis shouM be on the upper river
greater than 250 cfs and one- to two-thirds of all above Chico Landing, because this is the reach
smaller unscreened diversions. This programmaticwhere winter-run chinook young rearing
level of action should be sufficient to provide thecoincides with the spring-to-fall irrigation season.
data necessary to modify this target through
adaptive management. Determining which diversions need to be screened

will be based on appropriate monitoring and

I ~ ~
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evaluation, with decisions made with agency and ~PROGRAMMATIC ACTION 1A: Upgrade fish
stakeholder involvement, and with consideration passage facilities at the RBDD.
given to appropriate alternatives. Actions will be
taken on a case-by-case basis, witlt consideration TARGET 2: Reduce blockage to fish migrations at
given to results of pilot experiments to determine the ACID dam (~’~).
technical feasibility and cost-effectiveness of
screening diversions of different size, type, and PROGRAMMATIC ACTION 2A: Upgrade fish
location. Priority will be given to screening passage facilities at the ACID dam.
diversions that pose the most threat and where
screening has been determined to be effective. RATIONALE: At present, the RBDD gates are in
Emphasis should be given to projects that include the raised position from September. 15 through
the consolidation of several diversion points to a May 14, allowin, g free passage to about 85% of
single loc.ation, the spawning run (based on average run timing.

from 1982-1986). This may have reduced the
In application, priority for screening diversions number of redds (spawning nests created by
will be based on several criteria including but not salmon) being built below the dam. The remaining
limited to the geographical location, the volume portion of the run migrating upstream after May
of water diverted, the location of the intake in the 15 is likely to be delayed or blocked from passing
water column, and the cost effectiveness of the the dam.
installation. Alternatives to screening will be
considered When a fish screen is installed it Adults that are obstructed from passing the dam
should be tested to determine that it can perform are forced to spawn downstream where
to the criteria of the fish regulatory agencies, temperature ~onditions are typically unsuitable
After testing has indicated that the screen meets during the spawning and incubation period.
the criteria, monitoring should be conducted to Temperatures of 56
ensure that the screen can meet the criteria under maintained below RBDD without severely
the range of hydrologic conditions expected at the depleting Shasta carryover storage during the
site. When operation monitoring indicates that winter-run chinook incubation period; eggs and
everything is working satisfactorily, the diverter larvae usually have 100% mortality.
should routinely inspect the screen to ensure that
the facility is undamaged. Adults that must make repeated attempts to pass

the dam, but eventually are successful, undergo
DAMS~ RESERVOIRS~ WEIRS~ AND OTHER physiological stress that may contribute to their

STRUCTURES reduced fecundity. Because migration of these
adults is delayed, the fish are likely, to spawn

IMPLEMENTATION OBJECTIVE: The implemen- farther downstream where suitable temperatures
tation objective for dams, reservoirs, weirs, andfor spawning and incubation may not be
other structures is to increase the connection ofattainable.
upstream spawning and rearing habitat with the
mainstem rivers in the Sacramento-San JoaquinAdult chinook salmon must negotiate ftsh ladders

basin to increase success of adult spawners andat the ACID dam during the irrigation season
survival of juvenile downstream migrants. (typically April through November) to reach

upstream spawning habitat. However, an
TARGET 1: Minimize survival problems for adult antiquated ladder on the east abutment of the dam
and juvenile anadromous fish at RBDD byis ineffective in providing safe passage, and a
permanently raising the gates during the non-recently installed denil ladder on the west
irrigation season and improving passage facilitiesabutment has proved only marginally successful.
during the irrigation season (~4~4~). The ladders at this facility do not provide suitable

Volume 11: Ecosystem Restoration Program Plan

I
Sacramento River Ecological Zone

Draft: March 1998
152

!
i --006774

C-006774



flows to attract adults, and the ladders are not TARGET 1: Reduce the adverse effects of
easily adjustableto compensate for varying flow predatory fish by identifying and eliminating
conditions. A feasibility study is being conducted humanmade instream structures or operational
by the ACID to identify, develop; and evaluate conditions that allow unnatural predation rates
alternatives to resolve adult passage problems. ( ~. ).

LEVEES~ BRIDGES~ AND BANK PROTECTION PROGRAMMATIC ACTION 1A: Selectively
evaluate areas and make physical changes to

IMPLEMENTATION OB, IECTWE: The implementa- structures in the Sacramento River, such as bridge
tion objective for levees, bridges, and bankabutments, diversion dams, rip-rap banks, and
protection is to reestablish or reactivatewater intakes, that currently may attract predators
geomorphological processes in leveed channeland provide them with additional adva.ntages in
reaches to allow for periodic flooding of thepreying on juvenile salmon and steelhead. Pilot
natural floodplain, studies and evaluations are needed to determine

the types of changes required and the potential
TARGET 1: Construct setback levees leveed degree of implementation.along
reaches of the river as part of the stream meander
corridor (,~). RATIONALE: Upgrading fish passage facilities at

the two diversion dams will reduce delays to
PROGRAMMATIC ACTION 1A: Develop a upstream migrating winter-run chinook salmon
cooperative program, consistent with floodand hindranceofdownstreammigratingjuvenile
control requirements, to evaluate potential siteswinter-run chinook salmon. This will contribute
for establishing setback levees along leveedto areductioninpredationratesonyoungfish.
reaches of the Sacramento River.

During operation of RBDD, juvenile chinook are
RATIONALE: Levees, bridges, and bank protection adversely affected while approaching the dam,
structures inhibit overland flow and erosion and passing the dam, and moving downstream of the
depositional processes that develop and maintain dam. As juveniles migrate toward the dam, they
floodplains and allow stream channels to experience increasedpredation in LakeRedBluff
meander. Levees prevent flood flows from from predatory fish and birds. Juveniles passing
entering historic floodplains behind levees, under the lowered dam gates become disoriented
stopping evolution of floodplain habitats of high water velocities and turbulence,
dependent on overbank flows. Confinement of and are subject to heavypredation downstream by
flood flows to channels by levees and bank squawfish and striped bass. Juveniles bypassed
protection structures also increases the fluvial around the dam through the Tehama-Colusa fish
energy of flows that scour or incise channel beds bypass system may have improved survival rates
and reduces or halts the rate of channd migration because of new facilities and positive-barrier fish
and oxbow formation, screens, but complete evaluations are needed

PREDATION AND COMPETITION To help protect winter-run chinook from
predation and other losses associated with

IMPLEMENTATION OBJECTIVE: The imple: passage at RBDD, the dam gates have been raised
mentation objective for predation and competitionfor varying durations since the end of 1986.
is to reduce the loss of juvenile anadromous andJuvenile chinook suffer mortality in passing the
resident fish, and other aquatic organisms fromdam from squawfish and striped bass predation
unnatural predation levels to contribute to theand disorientation or injury when passing beneath
restoration of important Species. the dam gates or through the fish bypass system.

Under the present schedule of gate operations,
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about 26% of the juvenile outmigrants must pass best management practices(BMPs) for
the dam when the gates are lowered and are stormwater and erosion control.
susceptible to mortality associated with that
passage. In a 1988 study, juvenile hatchery PROGRAMMATIC ACTION 1D: Develop a
salmon were released above and below the dam to cooperative program to assess and monitor
estimate total mortality during dam passage. In contaminant input from agricultural drainages in
all, 16% to 55% fewer fish were recaptured from the Sacramento River watershed.
the releases made above dam than those made
below. USFWS determined predation, primarily RATIONALE." Note: Actions proposed here to
by squawfish, as the major cause of mortality to. reduce the adverse effects of contaminants in the
juvenile salmon migrating past the dam, whereas Bay-Delta system will be coordinated with
the number of deaths from physical injury recommendations and actions developed by the
received while passing under the dam were minor CALFED Water Quality Common Program.

CONTAMINANTS The drainage from inactive mines on the IMM
Superfund site represents the largest source of

IMPLEMENTATION OBJECTIVE: The implemen- pollutant discharge to the Sacramento River. This
ration objective is to reduce concentrations anddischarge is at least equal to all the combined
loading of contaminants in the aquatic environ-industrial and municipal discharges of dissolved
ment and the subsequent bioaccumulation bymetals to the San Francisco Bay and estuary
aquatic species. Reducing contaminants wouldsystem. This mine water is among the most acidic
increase survival of aquatic species and eliminatein the worm and contains extremely elevated
public health concerns resulting fromconcentrations of copper, zinc, cadmium, and
accumulation of toxins in tissues, other metals known to be toxic to fish and wildlife.

On occasion, fish deaths (including salmon) may
TARGET 1: Reduce losses of fish and wildlife~have occurred as toxicity levels have been
resulting from pesticide, hydrocarbon, heavyexceeded and documented in the upper
metal, and other pollutants in the SacramentoSacramento River as a result oflMMwaste. More
River (4~4~). frequently, there are documented instances of

metal concentrations that exceed toxic levels
PROGRAMMATIC ACTION 1A: Develop a considered safe for early life stages of salmon.
cooperative program to remedy heavy metal
pollution from IMM to meet basin plan standards,The waste~ from 1M~, located in the Spring
and implement reliable and proven remedies thatCreek watershed, are collected in the Spring
ensure continued treatment and control of heavyCreek Reservoir and metered out into the releases
metal waste before water is discharged to theof clean water from Shasta and Whiskeytown
Sacramento River. Reservoirs to achieve the best water quality

possible. However, because of the extremely large
PROGRAMMATIC ACTION 1B: Develop a waste load (averaging more than I ton of copper
cooperative program to eliminate scouring ofand zinc per day), it hasnotalways been possible
toxic, metal-laden sediments in the Spring Creekto consistently attain the water quality objectives
and Keswick Reservoirs. for copper, cadmium, and zinc in the basin plan,

and interim criteria have been established until
PROGRAMMATIC ACTION lC: Control pollution control is completed Highly toxic
contaminant input to the Sacramento River systemconditions are exacerbated when heavy winter
by constructing and operating stormwaterrains induce uncontrolled spills from Spring
treatment facilities and implementing industrialCreek Reservoir, and flows from Shasta and
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Whiskeytown Reservoirs are not made available Sediments constitute nearly half of the materials
for dilution because of other CVP constraints, introduced into rivers from nonpoint sources,

"such as plowed fields, construction and logging
Within the lower portion of the 1MM site, sites, and mined land, and are mainly generated
remediation must be developed for the metal during storm events. Stormwater runoff in urban
sludge deposits in Spring Creek Reservoir and in and developing areas is another major source of
Keswick Reservoir adjacent and downstream of sediments and contaminants. Sedimentation from
the Spring Creek power plant tailrace, nonpoint sources shouM be reduced by
Preliminary monitoring in the Keswick Reservoir implementing BMPs for urban and nonurban
has documented that the sludge is highly toxic and pollution, and implementing appropriate
that the deposits are extensive and up to 15feet treatment and technological options that reduce
thick. Under certain conditions, flows from the pollutant loads.
Spring Creek power plant can mobilize large
quantities of the sludge into the river, creating an An assessment of water quality and impacts from
acute toxicity risk to aquatic species. The sludge various other agricultural drainages to the

also contribute chronic Sacramento River is needed Results thesedepositscan to toxicity from
when combined with other sources, evaluation programs should generate recommen-

dations for corrective actions. Top priority should
Major sources of’pollution include industries, be given to the Sutter Bypass, which receives
municipalities, and agriculture, which discharge drainwater from rice growing areas and has
such contaminants as herbicides, pesticides, outflows equivalent to those from the Colusa
organic compounds, inorganic compounds, and Basin drain. Assessments should also be
warm water. Pollution is described as originating conducted on Butte Slough, Reclamation District
from point sources, such as discharge pipes or 108, and clack Slough.
other localized sources, or from nonpoint sources,
which are dispersed Individual sources of ~IARVESTOFI~ISHANDWlLDLIFE
nonpoint pollution may be insignificant, but the
cumulative effects can be significant and can IMPLEMENTATION OBJECTIVE: The implemen-
contribute high levels of pathogens, suspended ration objective for harvest is to regulate harvest
solids, and toxins. Major contributors of of fish and wildlife to the extent necessary to
nonpoint-source pollution to the Sacramento avoid impairing the reproductive capacity of the
River, Sacramento-San Joaquin Delta, and San population in relation to available habitat.
Francisco Bay include sediment discharge,
stormwater and erosion, and agricultural TARGET 1: Reduce illegal harvest offish species
drainage~ Mandatory performance are to a minimum to maintain or increase populationsstandards
needed far these sources, with flexibility granted by increasing enforcement efforts by 50 to 100%
to landowners to adopt whatever management (.,~.).
practices are best suited for local conditions.

PROGRAMMATIC ACTION 1A: Increase
A primary point source of pollution is from enforcement efforts.
municipal treatment plants, which release heavy
metalcontaminants, thermalpollution, pathogens, PROGRAMMATIC ACTION 1B: Develop a
suspended solids, and other constituents, cooperative program to educate the public on the
Implementing enhancedtreatment, pretreatment threats to populations from illegal harvest.
programs, and tertiary treatment should help to Various actions include ad campaigns, signs along
reduce contaminant input, streams, and various types of outreach programs

to schools, watershed conservancies, and groups.
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PROGRAMMATIC ACTION 1C: Provide additional Central Valley rivers and streams. Reducing these []
funding for the poaching hotline and r~wards foreffects would increase the survival of naturally
arrest and convictions of poachers, produced fish, contribute to long-term restoration

goals, and maintain the genetic diversity of
TARGET 2." Manage the legal harvest of chinooknaturally producing populations of chinook
salmon, steelhead, and sturgeon by shiftingsalmon and steelhead. 1
harvest from natural stocks to hatchery-reared |
stocks, where possible, or reducing harvest ofTARGET 1: Minimize the likelihood that hatchery-
wild stocks until the naturally producedreared salmon and steelhead in the upper
populations recover(~.~). Sacramento River will stray into non-natal

streams to protect naturally produced salmon and
PROGRAMMATIC ACTION 2A: Develop a steelhead(~,). I
cooperative program to mark all hatchery salmon
and steelhead, allowing selective harvest ofPROGRAMMATIC ACTION 1A: Develop a
hatchery fish, while limiting harvest of wild fish.cooperative program to evaluate the costs and
This action should be implemented on a shoi’t-benefits of limiting stocking of hatchery-reared []
term and experimental basis to ensure that itsalmon and steelhead in the upper Sacramento
meets its objective and is cbst-effective. River. Stocking may be reduced in years when

natural production is high in selected populations.
1PROGRAMMATIC ACTION 21~: Encourage

regulatory agencies to change fishing regulationsTARGET 2: Limit hatchery stocking to
(i.e., by restricting seasons, limits, and gear andpopulations that cannot be sustained through []
reducing harvest of wild fish) to further reducenatural production (~).
legal harvest and any ancillary effects of fishing
gear or techniques. Restrictions should be severePROGRAMMATIC ACTION 2A: Augment winter- ¯
in the short term. Long-term. restrictions wouldrun, spring-run, and late-fall-run chinook salmon 1
depend on response of populations and effec-and steelhead with hatchery-produced smolts
tiveness of restrictions and the degree ofduring the short-term rebuilding phase of
effectiveness of the action, restoration efforts and only when alternative ¯

measures are deemed insufficient to provide
RATIONALE: Some populations of salmon and recovery of the populations. Stocking ofhatchery-
steelhead in the Sacramento River are at such reared fish will be undertaken as experiments and
depressed levels that drastic reductions in any adjusted or terminated as necessary, depending on 1
factors that contribute to mortality are necessary, results.
Harvest management policies have ’ been 1
established by state and federal agencies to TARGET3: Employ methods to limit straying and
minimize mortality on natural chinook stocks, loss of genetic integrity of wild and hatchery
including severe harvest restrictions and size supported stocks (~,I*). ¯
limits. Illegal harvest is known to occur along the
Sacramento River. This target will be subject to PROGRAMMATIC ACTION 3A: Rear salmon and
adaptive management, steelhead in hatcheries on natal streams to limit []

straying. If hatchery augmentation of Sacramento I
ARTIFICIAL FISH PROPAGATION River populations of salmon and steelhead is

necessary, then hatcheries should be built on the I
IMPLEMENTATION OBJECTIVE: The implemen- Sacramento River for that purpose.
tation objective for artificial propagation offish is
to reduce the potentially adverse effects ofPROGRAMMATIC ACTION3B: Limit stocking of ¯
stocking artificially produced fish throughoutsalmon and steelhead fry and smolts to natal 1
~ ~
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watersheds to minimize straying that mayproducing populations of salmon and steelhead.
compromise, the genetic integrity of naturally Further research and experimentation are
producing populations, necessary to determine the degree to which this

issue is addressed. Long-term hatchery
TARGET 4: Minimize furthe~ threats of hatchery augmentation of healthy wild stocks may
fish contaminating wild stocks of salmon andgenetically undermine that stock and threaten the
steelhead (,,~). genetic integrity of other stocks. Spawning and

rearing habitat are limited, and adverse
PROGRAMMATIC ACTION 4A: Where hatchery conditions may occur in drought or flood years
prodtJction is underway and continues, methodsthat would undermine the population without
should be adopted and improved for the selectionadditional hatchery production.
of an appropriate cross section of the adult
population for spawning at the hatchery. Release of hatchery-reared fish into the upper

Sacramento River and its tributaries could lead to
PROGRAMMATIC ACTION 4B: Select spawning a loss of the genetic integrity of wild salmon and
adults of appropriate genetic makeup to minimizesteelheadpopulations. Adults straying into non-
genetic contamination of existing hatchery andnatal streams may interbreed with a wild
naturally producing stocks of salmon and.population specifically adapted to that watershed,
steelhead. Given the difficulty of to the loss inpresent possiblyleading of geneticintegrity
determining genetic makeup of spawning adultsthe wild population. Although some irreversible
selected for hatcheries, this action will necessarilycontamination has occurred in salmon and
be experimental. Hatchery-reared adults may besteelheadpopulations, measures are necessary to
preferentially selected or not selected if they areminimize further deterioration of contaminated
adequately marked or tagged, or have otherpopulations and to protectpopulations that are
identifiable feature. Other methods may benot contaminated.
developed to genetically categorize naturally
produced or hatchery fish. Recent returns to CNFH of fall-run chinook

salmon seem to indicate that the hatchery is
RATIONALE: In watersheds such as the heavily supporting the entire fall-run population,
Sacramento River, where dams and habitat particularly in Battle Creek, all of whichprobably
degradation have limited natural spawning, some originated from CNFH. A recent estimate for the
hatchery supplementation may be necessary to rest of the Sacramento River above RBDD,
sustain fishery harvest at former levels and to excluding Battle Creek, was only 40, 000 fish,
maintain a wild or natural spawning population which may also have been heavily supported by
during adverse conditions, such as droughts. CNFHproduction.
However, hatchery augmentation shouM be
limited in extent and to levels that do not inhibit Some stocking of hatchery-reared fish may be

and maintenance of wild populations, in the short term to rebuildnaturallyrecovery necessary
Hatchery-reared salmon and steelhead may spawning populations; however, there is a lack of
directly compete with and prey on wild salmon consensus among agencies and stakeholders as to
and steelhead Straying of adult hatcheryfish into the degree of stocking that is detrimental or
non-natal watersheds may also threaten the ne. cessary to sustain sport and commercial
genetics of wild stocks. Hatchery fish may also fisheries. This action will necessarily be short
threaten the genetic makeup of stocks in natal term and experimental, with subsequent efforts "
rivers. Some general scientific information and dependent on results and effectiveness.
theory from studies of other river systems indicate
that hatchery supplementation may limit recovery
and long-term maintenance of naturally
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!
SPECI-E,S Stanislaus Rivers, (3) marsh restoration in the

Delta and Suisun Marsh, (4) managing bypasses
SPLITTAIL                      for.fish, and (5) removal of upstream barriers to

migration.

IMPLEMENTATION OBJECTIVE: The imple-
mentation objective for Sacramento splittail is toBecause of its distribution, restoration actions
assist in the recovery of this species, which isimplemented in the following ecological zones

will contribute to the recovery of splittail:proposed for listing under the federal Endangered
Species Act (ESA). Recovery of SacramentoSacramento River, East San doaquin, San doaquin

splittail would contribute to overall speciesRiver, Sacramento-San doaquin Delta, Suisun

richness and diversity and reduce conflict betweenMarsh/North San Francisco Bay, Colusa Basin,

the need for its protection and other beneficialFeather River/Sutter Basin, American River

uses of water in the Bay-Delta. Basin, and Yolo Basin. Many of the related
actions include restoring ecological processes

TARGET 1: Increase the average annuallinkedto naturalfloodplains and flood processes.

abundance and distribution of adult fish to levels
that existed from 1967 to 1983 (~.). Restoration goals established by the U.S. Fish and

Wildlife Service for splittail include maintaining

PROGRAMMATIC ACTION 1A: Actions in the an index of population abundance using the fall

Sacramento River Ecological Zone have beenmidwater trawl index equal to the 1967 through
designed specifically to restore split-tail or their1983 average index. Splittail will be considered

habitat. This species will directly benefit fromrestored when the fall midwater trawl index

actions in this zone to increase the area andexceeds 19for 7 out ofl5years. Splittail will be

distribution of riparian and riverine aquaticconsidered restored when Suisun Marsh catch per

habitats and natural flood and floodplaintrawl exceeds 3.S for 7 out of l5 years andwhen

processes. These programmatic actions address:splittail young abundance exceeds 3.1 catches per
trawl for at least 3 out of l5 years. Splittail will

¯ riparian and riverine aquatic habitat, and be considered restoring when Bay Study otter

¯ natural flood and floodplain processes, trawl numbers exceed 18for 7 out of 15 years and
when splittail young numbers exceed 14 for 3 out

Additional restoration actions that will benefitofl5years.

splitmil are proposed for the American River
Basin, Yolo Basin, Feather River/Sutter Basin, WHITE STURGEON AND
East, side Delta Tributaries, and San Joaquin River GREEN STURGEON

Ecological Zones.
IMPLEMENTATION OBJECTIVE: The implemen-

P~ITIONALE: Splittail are presently restricted to a tation objective for white sturgeon and green
fraction oftheirhistoricrange. Restoring splittail sturgeon is to restore the distribution and
to their former range outside the Delta is in an abundance of the white sturgeon to historical
important element for this species. Generally, levels to support a sport fishery, and assist in the
restoration of the species refers primarily to recovery of the green sturgeon, a California
restoration of the reduced Delta populations. Department of Fish and Game species of special
Nonetheless, some actions that may assist in ’concern. Meeting this objective would contribute
restoration of this native species to a portion of its to overall species richness and diversity and
previous upstream range include: (1) creation of reduce conflict between the need for their
meander belts along the Sacramento River by protection and other beneficial uses of water in

levee setbacks, (2) creation of floodable wetlands the Bay-Delta.
in the lower San doaquin, Tuolumne, and
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WHITE STURGEON Although the DFG and USFWS have set
population and harvest goals, actions to

TARGET 1: Increase the average annual~ accomplish the Ecosystem Restoration Program
abundance of adult white sturgeon to levels thatPlan (ERPP) target will be achieved by
will maintain a large sport fishery (~4~). restoration actions undertaken and completed in

the Sacramento River, Feather River,
PROGRAMMATIC ACTION 1A: Actions in the Sacramento-San ,]oaquin Delta, and Suisun
Sacramento River Ecological Zone have beenMarsh/North San Francisco Bay Ecological
designed specifically to restore white sturgeon orZones.
their habitat. This .species will directly benefit
from previously described actions in th~s zone to GREEN STURGEON
increase and improve streamflows, natural
sediment supply, stream channel meander, and theTARGET 1: Restore access to habitat below
area and distribution of riverine aquatic habitat.Keswick Dam and increase the average annual
These programmatic actions address: abundance of adult green sturgeon to levels that~

will ensure the continued existence of this species
¯ Central Valley streamflows, (~).
¯ natural sediment supply,
¯ stream channel meander, PROGRAMMATIC ACTION 1A: Actions in the
¯ riparian and riverine aquatic habitat, Sacramento River Ecological Zone have been
¯ contaminants, and designed specifically to restore green sturgeon,
¯ water diversions, access to habitat below Keswick Dam, and

habitat quality. This species will directly benefit
Additional programmatic actions have beenfrom previously described actions in this zone to
proposed in the Feather River/Sutter Basin, Sanincrease and improve streamflows, natural
Joaquin River, Sacramento-San Joaquin Delta,sediment supply, stream channel meander, and the
and Suisun Marsh/North San Francisco Bayarea and distribution of riverine aquatic habitat.
Ecological Zones that will contribute to restoringThese programmatic actions address:
white sturgeon.

¯ Central Valley streamflows,
RATIONALE: The success of the Department of ¯ natural sediment supply,
Fish and Game’s white sturgeon management ¯ stream channel meander,
program is clearly indicated by comparison of ¯ riparian and riverine aquatic habitat,
present day annual numbers offish harvested, ¯ contaminants,
which consistently is nearly 70% of the average ¯ water diversions, and
commercial catch from 1875 to 1899, about ¯ dams, reservoirs, weirs, and other human-
3 74, 000 pounds. The early unregulated fishery made structures..
nearly wiped out the populations in a short period
of time, while the presentmanagedsportfishery Additional programmatic actions have been
promises to yield continuous returns. The present proposed in the Feather River/Sutter Basin, San.population goals for white sturgeon are to double Joaquin River, Sacramento-San Joaquin Delta,
the white sturgeon abundance of the average 1967 and Suisun Marsh/North San Francisco Bay
to 1991 population estimates offish older than 15 Ecological Zones that will contribute to restoring
years and to maintain a population that includes green sturgeon.
at least lO0,O00 fish that are greater than 102 cm
in length. RATIONALE.: Green sturgeon is a species of

concern. It is a legal sport fish in California,
Oregon, and Washington. The Bay-Delta system
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I
constitutes the southernmost reproducing its continued existence and allow for sport and
populations of green sturgeon. There is no direct commercial harvest (~.).
eyidence that green sturgeon have declined in the
Sacramento" River, but the population is quite PROGRAMMATIC ACTION 1A: Actions in the
small, and a collapse could occur under some Sacramento River Ecological Zone have been
conditions. Green sturgeon require additional designed specifically to restore winter-run
focused research on life history, distribution and chinook and its habitat. This species will ~directly
abundance, benefit from previously described actions in this

zone to improve or restore ecological processes
The restoration goal for green sturgeon is to and functions that create and maintain habitat and
maintain a 50-year median population of 1, 000 to reduce stressors that adversely affect processes,
fish over I m in total length (USFWS 1996). The habitats, and winter-run chinook salmon directly.
population abundance must not fall below 1, 000 These programmatic actions address:
fish over 1 ra in total length for more than 3
consecutive years. The 1,000fish over i meter (m) ¯ Central Valley streamflows,
in length must include 500females over 1.3 m in ¯ natural sediment supply,
length. Reduce the annual harvest rate to less ¯ Central Valley water temperatures,
than 5% of the population. ¯ stream channel meander,

¯ natural flood and floodplain processes,
Similar to restoration actions for white sturgeon, ¯ riparian and riverine aquatic habitat,
actions that will contribute to the protection and ¯ water diversions, dams, reservoirs, and weirs,
restoration of green sturgeon will occur in the ¯ levees, bridges, and bank protection,
Sacramento River, Feather River, Sacramento- ¯ predation and competition,
San Joaquin Delta, and Suisun Marsh/North San ¯ contaminants,
Francisco Bay Ecological Zones. ¯ harvest of fish and wildlife, and

¯ artificial propagation of fish..
CHINOOK SALMON

Additional programmatic actions that will
IMPLEMENTATION OBJECTIVE-" The implemen- contribute to the recovery of winter-run chinook
tat¯on objective for chinook salmon is tosalmon are proposed for the Sacramento-San
contribute to the recovery of the SacramentoJoaquin Delta, Suisun Marsh/North San Francisco
winter-run chinook salmon, a species listed asBay, and Yolo Basin Ecological Zones.
endangered under the federal and California
Endangered Species Acts (ESAs). Recovery ofRATIONALE: The recovery of the winter-run
winter-run chinook salmon would ensure overallchinook salmon requires actions to increase their
species richness and diversity and reduce conflictabundance and improve their habitat to the point
between the need for its protection and otherthat theprobabilityofextinction will be very low.
beneficial uses of water in the Bay-Delta. TheAlthough artificially produced fish may be used to
objective is also to contribute to the restoration ofrebuild the population to a level that can satisfy
Sacramento fall-run, spring-run, late-fall-run, andthese criteria, direct satisfaction of the criteria
San Joaquin fall-run chinook salmon to supportwill depend on natural reproduction.
sport and viable commercial fisheries.

The population criteria proposed to determine
WINTER-RUN CHINOOK SALMON when winter-run chinook salmon are recovered

require that mean annual spawning abundance
TARGET 1: Restore the winter-run chinook over any 13 consecutive years shall be 10,000
salmon spawning population to levels that ensurefemales. The geometric mean of the cohort

replacement rate (CRR) over the same 13 years
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shall be greater than 1.0. The variability in cohort habitats, and fall-run chinook salmon directly.
replacement rate is assumed to be the same as or These programmatic actions address:
less than the current variability.. The recovery
goal also includes a provision to ensure that the ¯ Central Valley streamflows,
population estimates are sound. The estimation ¯ natural sediment supply,
criterion is that there must be a system in place ¯ Central Valley water temperatures,
for estimating spawning run abundance with a ¯ stream channel meander,
standard error of less than 25% .of the estimate. If ¯ natural flood and floodplain processes,
this level of precision cannot be achieved, then the ¯ riparian and riverine aquatic habitat,
sampling period over which the geometric mean ¯ water diversions, dams, reservoirs, and weirs,
of the Cohort Replacement Rate is estimated must ¯ levees, bridges, and bank protection,
be increased by one additional year for each 10% ¯ predation and competition,
of additional error above 25%. ¯ contaminants,

¯ harvest of fish and wildlife, and
With respect to the recovery of the Sacramento ¯ artificial propagation of fish.
River winter-run chinook salmon, there twoare

genetic issues of concern: (1) the effects of past Additional programmatic actions that will
and present reductions in population size on contribute to the restoration of fall-run chinook
population fitness and population growth rate and salmon are proposed for the Sacramento-San
(2) the genetic consequences of meeting the Joaquin Delta, Suisun Marsh/North San Francisco
delisting criteria. Bay, and Yolo Basin Ecological Zones.

Programmatic actions that will contribute to the RATIONALE: Because of their life-history
recovery of the winter-run chinook salmon will be requirements, typical of all Pacific salmon,
implemented in the following ecological zones: Central Valley chinook salmon require high-
Sacramento River, Sacramento-San Joaquin quality habitats for migration, holding, spawning,
Delta, and Suisun Marsh/Nbrth San Francisco egg incubation, emergence, rearing, and
Bay. emigration to the ocean. These diverse habitats

are still present throughout the Central Valley
FALL-RUN CHINOOK SALMON and are successfully maintained to varying

degrees by existing ecological processes. Even
TARGET 2." Maintain the average cohort though the quality and accessibility of the habitats
replacement rate of Sacramento fall-run chinookhave bee~i diminished by human-caused actions,
salmon above 1.0 while the stock is rebuilding,these habitats can be restored through a
Then maintain a replacement rate equal to orcomprehensive program that strives to restore or
greater than 1.0 when the stock reachesreactivate ecological processes, functions, and
restoration goal levels set by the regulatoryhabitat elements on a systematic basis, while
agencies(~), reducing or eliminating known sources of

mortality and other stressors that impair the
PROGRAMMATIC ACTION 2A: Actions in the survival of chinook salmon.
Sacramento River Ecological Zone have been
designed specifically to restorefail’run chinookThere are three major programs to restore
and its habitat. This species will directly benefitchinook salmon populations in the Central Valley.
from previously described actions in this zone toThe Secretary of the lnterior is required by the
improve or restore ecological processes andCentral Valley Project lmprovement Act (PL 102-
functions that create and maintain habitat and to575) to double the naturalproduction of Central
reduce stressors that adversely affect processes,Valley anadromous fish stocks by 2002 (USFWS

1995). The National Marine Fisheries Service is
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required under the federal. ESA to develop and SPRING-RUN CHINOOK SALMON
implement a recovery plan for the endangered
winter-run chinook salmon and to restore the TARGET 3: Maintain the average cohort
stock to levels that will allow its removal from the replacement rate of Sacramento spring-run
list of endangered species (NMFS 1996). The chinook salmon above 1.0 while the stock is
California Department of Fish and Game is rebuilding..Then maintain a replacement rate
required under state legislation (the Salmon, equal to or greater than 1.0 when the stock
Steelhead Trout and Anadromous Fisheries reaches restoration goal levels set by the
Program Act of 1988) to double the numbers of regulatory agencies (~).
salmon that were present in the Central Valley in
1988 (Reynolds et al. 1993). PROGRAMMATIC ACTION 3A: Actions in the

4oo Sacramento River Ecological Zone have been
~" iNatural designed specifically to restore spring-run

mHatchery .~ chinook and its habitat. This species will directly
~- 300 benefit from previously described actions in this
]~ ~ ~ zone to improve or restore ecological processes
~ and functions that create and maintain habitat and
~, 200
~ to reduce stressors that adversely affect processes,
!~ habitats, and spring-run chinook salmon directly.
~" 10o These programmatic actions address:

[] Central Valley sti’eamflows,
o [] natural sediment supply,

1970 1973 1976 1979 1982 1985 1988 1991 1994 [] Central Valley water temperatures,Year
[] stream channel meander,Central Valley Chinook Salmon Spawning Population Abundance

with Proportion Estimated from Natural Spawning and Hatchery [] natural flood and floodplain processes,
Production (For Information on abundance patterns of specific [] riparian and riverine aquatic habitat,

populations, see sections for ecological zones.) [] water diversions, dams, reservoirs, weirs,
levees, bridges, and bank protection,

Each of the major chinook salmon restoration [] predation and competition,
/recovery programs has developed specific goals [] contaminants,
for Central Valley chinook salmon stocks. ERPP [] harvest of fish and wildlife, and
embraces each of the restoration/recovery goals [] artificial propagation of fish.
and will contribute to each agency’s program by
restoring critical ecologicalprocesses, funciions, Additional programmatic actions that .will
and habitats, and by reducing or eliminating contribute to the restoration of spring-run chinook
stressors. ERPP’s approach is to contribute to salmon are proposed for .the Sacramento-San
managing and restoring each stock with the goal Joaquin Delta, Suisun Marsh/North San Francisco
of maintaining cohort replacement rates of much " Bay, and Yolo Basin Ecological Zones.
greater than 1.0 while the individual stocks are
rebuilding to desired levels. When the stocks PtATIONALE: Spring-run chinook salmon are a
approach the desired population goals, ERPP will candidate species under the California
contribute to maintaining a cohort replacement Endangered Species Act and is considered a
rate ofl.0, sensitive species by the U.S. Forest Service.

Because of their life history patterns, spring-run
chinook enter the Sacramento River early in the
year and ascend to tibutaries where they
oversummer to spawn during the following fall.
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Young fish may rear for a year or longer in the ¯ natural flood and floodplain processes,
tributaries before entering the Sacramento River ¯ riparian and riverine aquatic habitat,
during their seaward migration. ’ ¯ water diversions, dams, reservoirs, and weirs,

¯ levees, bridges, and bank protection,
The status of a spring-run chinook salmon in the ¯ predation and competition,
mainstem Sacramento River is uncertain, ¯ contaminants,
however, evidence suggests that there may be a ¯ harvest of fish and wildlife, and
significant introgression with fall-run chinook. ¯ artificial propagation offish.
The role of the Sacramento River in sustaining
spring-run chinook salmon is primarily toprovide Additional programmatic actions that will
adult fish passage to the tributary streams and to contribute to the recovery of late-fall-run chinook
provide rearing and emigration habitat for salmon are proposed for the Sacramento-San
flrveniles during their seaward migration. Joaquin Delta, Suisun Marsh/North San Francisco

Bay, and Yolo Basin Ecological Zones.
Spring-run chinook salmon populations will be
considered healthy when the number of A~,ATIONALE: Presently, late-fall-run chinookaverage
spawners in tributary streams to the Sacramento salmon have no special protection. The great
River exceeds 5, O00 fish each year over a 15-year majority of late-fall-run chinook appear to spawn
period. (five generations times 3 years per in the mainstemSacramento River during
generation), with 3 of the 15 years being dry or January, February, and March. Late-fall-run
critically dry. The average number of natural, chinook abundance has declined due to passage
wildspawners over the 15-yearperiod must not problems at Red Bluff Diversion Dam, loss of
be fewer than 8, O00 fish (USFWS 1996). habitat, poor survival of emigrating smolts, sport

and commercial harvest, and other factors, such
LATE-FALL-RUN CHINOOK SALMON as disease and pollutants.

TARGET 4: Maintain the average cohort Sacramento River late-fall-run chinook salmon
replacement rate of late-fall-run chinook salmon populations will be regarded as healthy when the
above 1.0 while the stock is rebuilding. Then average number of spawners in the Sacramento
maintain a replacement rate equal to or greater River basin exceeds 15,000fish eachyear over a
than 1.0 when the stock reaches restoration goal 15-yearperiod (five generations times 3yearsper

set by regulatory agencies (.,). generation), of the years being dry orlevels the with 3 15
critically dry (USFWS 1996).

PROGRAMMATIC ACTION 4A: ~ctions in the
Sacramento River Ecological Zone have been STEELHEAD TROUT
designed specifically to restore late-fall-run
chinook and its habitat. This species will directly IMPLEMENTATION OBJECTIVE: The implemen-
benefit from previously described actions in this tation objective for steelhead trout is to achieve
zone to improve or restore ecological processes naturally spawning populations of sufficient size
and functions that create and maintain habitat and to support inland recreational fishing and fully use
to reduce stressors that adversely affect processes, existing and restored habitat areas. Meeting this
habitats, and late-fall-run chinook salmon objective would contribute to overall species
directly. These programmatic actions address: richness and diversity and reduce conflict between

the need for its protection and other beneficial
¯ Central Valley streamflows, uses of water in the Bay-Delta.
¯ natural sediment supply,
¯ Central Valleywatertemperatures, TARGET 1: Maintain the average cohort
¯ stream channel meander, replacement rate ’of steelhead trout above 1.0
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during the period that the species is rebuilding andThe Central Valley steelhead ESU encompasses
then maintain a replacement rate equal to orthe Sacramento and San Joaquin Rivers and their
greater than 1.0 when the species reachestributaries. Recent data from genetic studies show
restoration goals set by the regulatory agenciesthat samples of steelhead from Deer and Mill
( .. ). Creeks and Coleman National Fish Hatchery on

Battle Creek are well differentiated from all other
PROGRAMMATIC ACTION 1A: Actions in the samples of steelhead from California.
Sacramento River Ecological Zone have been
designed specifically to restore steelhead or theirWithin the broad context of ecosystem restoration,
habitat. This species will directly benefit fromsteelhead restoration will include a wide variety
previously described actions in this zone toof efforts, many ofwhich are being implemented
improve or restore ecological processes andfor other ecological purposes, or that are
functions that create and maintain habitat andtononspecific to steelhead trout. For example,
reduce stressors that adversely affect processes,restoration of riparian woodlands along the
habitats, and steelhead directly.These Sacramento River between Keswick Dam and
programmatic actions address: Verona will focus on natural stream meander,

flow, and natural revegetation/successional
¯ Central Valley streamflows, processes. These will be extremely important in
¯ natural sediment supply, providing shaded riverine aquatic habitat, woody
¯ . Central Valley water temperatures, debris, and other necessary habitats required by
¯ stream channel meander, lower trophic organisms and juvenile and adult
¯ natural flood and floodplain processes, steelheadpopulations.
.¯ riparian and riverine aquatic habitat,
¯ water diversions, dams, reservoirs, and weirs,Operation of the water storage and conveyance
¯ levees, bridges, and bank protection, systems throughout the Central Valley for their
¯ predation and competition, potential ecological benefits can be one of the
¯ contaminants, more important elements in restoring a wide
¯ harvest of fish and wildlife, and spectrum of ecological resources, including
¯ artificial propagation of fish. steelhead trout.

Additional programmatic actions that will STRIPED BASS
contribute to the recovery of steelhead are
proposed for the Sacramento-San Joaquin Delta,IMPLEMENTATION OBJECTIVE: The imple-
Suisun Marsh/North San Francisco Bay, and Yolomentation objective for striped bass is to restore
Basin Ecological Zones. its population levels to those of the 1960s to

contribute to a recreational fishery in the Bay-
RATIONALE." N2~II~’S has identified steelhead Delta. Increased population levels of striped bass
populations in the Central Valley as composing a would reduce conflict between the need for its
single evolutionary significant unit (ESU) based protection and other beneficial uses of water in
on a variety of physical and biological data. the Bay-Delta.
These data include the physical environment
(geology, soil type, air temperature, precipitation, TARGET 1: Maintain an adult population of 3.0
river.flow patterns, water temperature, and million adult fish (,).
vegetation); .biogeography (marine, estuarine,
and freshwater fish distributions); and life history PROGRAMMATIC ACTION 1A: Achieving the
traits (age at smolting, age at spawning, river target population of 3.0 million adult striped bass
entry timing, spawning timing, and genetic will require restoration actions in the San Joaquin
uniqueness). River, Sacramento-San Joaquin Delta, and
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1 Sacramento River Ecological Zones. Within the aquatic habitats (See implementation objective,
Sacramento River Ecological Zone, proposed targets, and programmatic actions that address

.I programmatic actions for Central Valley stream ~ riparian and riverine aquatic habitat0 Additional
temperatures, Central Valley stream flow, and programmatic actions that will contribute to
water diversions will contribute to restoration of restoration of American shad are proposed for the

I striped bass. Feather River/Sutter Basin, American River
Basin, San Joaquin River, and Sacramento-San

RATIONALE; Most of the broader restoration Joaquin Delta Ecological Zones.

i actions for striped bass are centered in the Delta.
However, the Sacramento River near Colusa is RATIONALE: Although American shad is an
the primary spawning area for adult striped bass. introduced species, it supports a highly seasonal
A water temperature of 61°F is required to trigger and popular sport fishery in the Sacramento,

, striped bass spawning in the spring. Therefore, in Feather, Yuba, andAmerican Rivers. This species
s̄ome years it may bepossible to manipulate water will benefit from actions implemented to restore
temperatures to reach the threshold for spawning, and maintain ecological processes related to

i Striped bass require sufficient flow velocity streamflow, floodplain and improvedeggs processes,
to keep the eggs suspended for two to three days nearshore habitat and cover provided by shaded
before they hatch. Typically, flow velocity in the riverine aquatic and woody debris. These actions

, Sacramento River is more than adequate to are being developed throughout the Central
maintain egg suspension. Valley and will provide benefits to numerous

species and species ~ommunities.

I Veryyoungfish (larvae and fry) are susceptible to
entrainment at diversions and are not protected WESTERN YELLOW-BILLED CUCKOO
by positive barrier fish screens designed to

i protect young salmon. IMPLEMENTATION OBJECTIVE: The implemen-
tation objective for the western yellow-billed

AMERICAN ,SHAD cuckoo is to assist in the recovery of this state-

i listed endangered species. Recovery of the
IMPLEMENTATION OBJECTIVE’- The implemen- western yellow-billed cuckoo would contribute to

" tation objective for American shad is to maintain overall species richness and diversity and reduce

i naturally spawning populations that support sport conflict between the need for its protection and
fisheries similar to those fisheries that existed in other beneficial uses of land and water in the Bay-
the 1960s and 1970s to contribute to the Delta.
recreational use of the Bay-Delta. Meeting this

’ l objective would reduce conflict between the need TARGET 1: Protect existing large patches and
for protection of this species and other beneficial restore suitable mature, dense willow-cottonwood
uses of water in the Bay-Delta. riparian forests used by nesting cuckoos (~,).

1 TARGET 1: Maintain a 25-year average index of PROGRAMMATIC ACTION 1A: The primary focus
abundance equal to the 1967 through 1976 fall area for restoration of the yellow-billed cuckoo is

i midwater trawl index (~). the Delta. No actions in the Sacramento River
Ecological Zone have been designed specifically

PROGRAMMATIC ACTION 1A: Actions in the to restore yellow-billed cuckoos or their habitat.
~1 Sacramento River Ecological Zone have been However, this species will directly benefit from

designed specifically to restore American shad actions in this zone to increase the areal extent
and its habitat. This species will directly benefit and distribution of riparian and riverine aquatic

t
from actions in this zone to increase the areal habitats (see implementation objective, targets,
extent and distribution of riparian and riverine
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and programmatic actions that address riparianand reduce conflict between the need for its
and riverine aquatic habitat), protection and other beneficial uses of land and

waterin theBay-Delta.
RATIONALE: Yellow-billed cuckoos inhabit
extensive deciduous riparian thickets or forests TARGET 1: Protect existing nesting colonies and
with dense, low-level or understoryfoliage that the ecological processes that contribute to the
abuts rivers, backwaters, or.seeps. This species is formation and maintenance of vertical stream
found in the American River Basin, Colusa Basin, banks (~.).
Sutter Basin, Butte Basin, and North Sacramerito
Valley ecological zones. Overall, the decline of PROGRAMMATIC ACTIONS: No actions in the
the cuckoo has resulted from the loss of dense Sacramento River Ecological Zone have been
riparian habitat along the lower floodplains of designed specifically to restore bank swallows or
larger streams, including those found within the their habitat. However, this species will directly
Sacramento-San Joaquin Delta. Conversion of benefit from actions in this zone to increase the
land to agriculture, urbanization, and flood areal extent and distribution of riparian and
control projects have caused the loss of habitat, riverine aquatic habitats, stream channel corridor,

natural flood and floodplain processes, and natural
The yellow-billed cuckoo is listed as endangered sediment supply (see implementation objective,
by the State of California. This listing charges the targets, and programmatic actions that address
state with the responsibility to conserve, protect, riparian and riverine aquatic habitats, stream
restore, and enhance~the.species as well as to channel corridor, natural flood and floodplain
acquire lands for its habitat, processes, and natural sediment supply).

Rebuilding the yellow-billed cuckoo population to RATIONALE." Improvements in the ecological
a healthy state will require a coordinated processes related to stream meander corridors,
approach to restoring ecosystem processes and natural sediment supply, along the Sacramento
functions, restoring habitat, and reducing or River will benefit bank swallows.
eliminating stressors. Within the broad context of
ecosystem restoration, restoration of the cuckoo l:~EFERENCES USED TO
populations will include a wide variety of efforts,
many of which are being implemented for other DEVELOP THE VISION FOR THE
ecological purposes or which are nonspecific to SACRAMENTO RIVER
the cuckoo. For example, restoration of riparian
woodlands along the Sacramento l~iver will focus ECOLOGICAL ZONE

on natural stream meander, flow, and natural
revegetational/successionalprocess. These will be DFG 1993. Restoring Central Valley streams: a
extremely importanttoprovidingshadedriverine plan for action. Department of Fish and
aquatic habitat, woody debris, and other habitat Game. November 1993. 198 p.
values that contribute to the health of yellow-
billed cuckoo populations. DFG 1996. Steelhead restoration and

management plan for California. Department
BANK SWALLOW of Fish and Game. February. 234 p.

IMPLEMENTATION OBJECTIVE: The implemen- DWR 1980. Upper Sacramento River spawning
tation objective for the bank Swallow is to assist gravel study. Department of Water Resources,
in the recovery of this State-listed threatened Northern District. December. 157 p
species. Recovery of the bank swallow would
contribute to overall species richness and diversity ¯
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NORTH SACRAMENTO VALLEY ECOLOGICAL ZONE

Important ecological processes and functions
shared by the individual ecological units of the
North Sacramento Valley Ecological Zone include
their respective streamflow patterns and capacity
for natural sediment transport; stream meander;
gravel recruitment; and stressors, such as land
use, water conveyance structures, and water
diversion.

Opportunities to maintain or reactivate these

INTRODUCTION processes and functions are constrained to varying
degrees because of past and existing human
activities, such as dam construction and gravel

The health of the North Sacramento Valleyextraction from the active stream channel. Many

Ecological Zone contributes to the health of theof these constraints are described as stressors that

Sacramento-San Joaquin River Delta (Delta) inimpair ecological function and the creation and
maintenance of habitats or that cause directmany ways. Ecological processes within this zonemortality to important species.

contribute sediment, nutrients, and streamflow to
the Sacramento River. They also provide impo-

The construction and operation of Whiskeytownrtant migration, holding, spawning, and rearing
areas for spring-, fall-, and late-fall-run chinook and McCormick Dams and past large-scale gravel

salmon and steelhead. Riparian and shadedextraction activitiesconstrainecologicalprocesses

riverine aquatic habitats provide for many terres-and functions in the Clear Creek Ecological Unit.

trial species, including neotropical birds, reptiles,andEC°l°gicalBear CreekPr°cesseSare impairedand functionSby alterations°n Cow Creekto the
and invertebrates, runoff pattern resulting from water diversions and

land use practices. Small hydropower projects,
DESCRIPTION OF THE ZONE water diversion and water diversion structures

constraih ecological processes and functions on
The North Sacramento Valley Ecological Zone Battle Creek. Past and current operational
(Figure 9) encompasses the geographic area andmethods of Coleman National Fish Hatchery on
tributary streams generally surrounding the Citiesthe lower section of the creek further impairs
of Redding and Red Bluff and includes theopportunities to improve the distributions of wild
following ecological units: salmon and steelhead stocks.

¯ Clear Creek Ecological Unit, DESCRIPTIONS OF ECOLOGICAL
¯ Cow Creek Ecological Unit,
¯ Bear Creek Ecological Unit, and UNITS

¯ Battle Creek Ecological Unit.
CREEK ECOLOGICALUNIT

This ecological zone provides habitats for a
significant variety of fish, wildlife, and plantClear Creek is a major tributary to the Sacramento
communities, including spring-, fall-, and late-River and drains approximately 238 square miles.
fall-run chinook salmon and steelhead trout. It originates in the mountains east of Trinity Lake
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and flows into the Sacramento River nearSpring Creek Tunnel. FlOws in Clear Creek below
Redding. Whiskeytown Reservoir stores natural~ Whiskeytown Lake are maintained at 50 cfs from
creek flows and water diverted from the Trinity January through October and 100 cfs in
River at Lewiston Dam through the Clear CreekNovember and December, regardless of flow in
Tunnel. Whiskeytown Dam, constructed in 1963, the upper watershed. Approximately 10 cfs are
is 10 miles upstream of McCormick Dam. The diverted from the lower river at McCormick Dam,
dam diverts more than 80% of Clear Creek’s 8 miles upstream of the confluence with the
average natural flow to the Spring CreekSacramento River.
Powerhouse at Keswick Reservoir on the
Sacramento.River. Spawning gravel in the lower Clear Creek

drainage has been significantly depleted by
The Clear Creek watershed has a natural flowmining. B~cause recruitment of new gravel into
pattern of high winter and low summer-fall flows, this area is restricted by McCormick and
typical of many Sacramento Valley streams thatWhiskeytown Dams, Shasta County adopted an
originate from foothills instead of the Cascade orordinance in 1977 prohibiting new.gravel mines in
Sierra crests. The stream is nearly dry duringClear Creek below McCormick Dam. Although
summer and fall months of low rainfall years. Inthe future of this ordinance is uncertain, it
wettest years, flOWS in winter months averageconstitutes the best protection for spawning
1,000 to 2,500 cubic feet per second (cfs). In gravel. The existing gravel mining operations
winter months of dry years, average monthlyhave refrained from mining in the floodplain for
flows reach only 100 to 250 cfs. In the driest 4 years, allowing some riparian reforestation to
years, winter monthly average flows reach onlyoccur naturally. The Ecosystem Restoration
20 to 35 cfs. Whiskeytown Dam, at the lower end Program Plan (ERPP) includes assistance to the
of the watershed, receives water diverted from theU.S. Bureau of Reclamation (Reclamation), which
Trinity River by way of the Clear Creek Tunnel. is acquiring these floodplain lands.

Before the construction of Whiskeytown Lake,
Historical Monthly Average Flow Clear Creek produced a large amount of gravel for

the lower alluvial reaches and the Sacramento
River. Flow regulation since 1963 has greatly

500 reduced the frequency of floodflows capable of
moving bedload. The instream gravel is not4o0
renewable, because gravel from the upper reaches

,~ 300 is trapped in the reservoir. Flow regulation has
o~200 also all6wed dense stands of vegetation to
,-r encroach on the main channel, particularly the

100 lower 3 miles before the confluence. This
vegetation further reduces velocities and the

0                                         gravel transport capability of the stream.
J F MA M J J A S O N D

V-~ NormalYear ~ DryY’ear ~[n 1980, the California Department of Water

Clear Creek Streamflow, 1952-1992 (Dry year is the 20th Resources (DWR) estimated that the average
percentile year; normal year is the 50th percentile or median annual instream extraction rate of sand and gravel

. year.) was approximately 75,000 tons per year,
" equivalent to 20 times the natural transport rate.

Most of the Clear Creek and Trinity River water Subsequent field observations in 1980 and 1994
is conveyed from Whiskeytown Lake to Keswick suggest that gravel mining, flow regulation, and
Reservoir on the Sacramento River through thevegetative encroachment combined to reduce the
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available gravel in Clear Creek. The averagechinook salmon in Clear Creek. Steelhead
annual contribution of gravel to the .Sacramento.~ populations would similarly benefit.
River was estimated’to be approximately 5,000
tons per year. Over the last five years, gravelRestoring the Clear Creek chinook salmon and
operators have halted the practice of instreamsteelhead populations has been the focus of
mining. During this same period, gravels werefishery management efforts in the upper
distributed to the spawning area from tributarySacramento River drainage below Shasta Dam for
stream sources~ stream meander, and artificiallymost of the twentieth century. Interest and
introduced gravel stockpiles. At this time there areconcern regarding the status of salmon and
two completed gravel injection projects and one insteelhead in this stream began shortly afte~ the |progress. 1903 construction of the McCormick Dam,

located 6 miles upstream of the Sacramento River.
Spawning habitat restorationwork in Clear CreekEarly restoration efforts attempted to provide
is necessary. The work will require placingsuitable adult fish passage at McCormick Dam,
spawning gravel at appropriate locations,but as watershed and instream habitats continued
Implementing this restoration will requireto decline, the need for additional habitat
monitoring spawning gravel to determine whetherrestoration efforts increased. The cumulative
it successfully meets the needs of adult salmoneffects of water export, gold mining, gravel
and steelhead. It also will be necessary toextraction, timber harvest, road building, and the
continuously maintain and replenish the gravel,construction of Whiskeytown Dam have
The intent of ERPP is to provide the habitat andcontributed to the decline of the Clear Creek
flow necessary to achieve its implementationanadromous fishery. Only in recent years has ’
objective, there been a recognition of the complexity of the

problem and a multiagency c~operative effort to
The abundance of fall-run chinook salmonseek corrective actions designed to restore habitat
spawners in Clear Creek has increased during theand fish passage in Clear Creek. Local
last two years when the fall flows have beenenvironmental groups and individuals have also
increased by a factor of three. During this interimbeen seeking solutions to the problems limiting
flowincrease, the spawning population estimatesClear Creek’s fishery potential.
have been between 7,000 and 9,000 representing
5% to 8% of the upper Sacramento River salmonThe California Department of Fish and Game
population. Restoring habitat and increasing flow(DFG) manages Clear Creek for fall- and late-fall-
releases from Whiskeytown Reservoir couldrun chinook salmon and steelhead trout. The
significantly improve the present production ofstream is uniquely suited for intensive

management because of its ability to provide cool
temperatures in the upper reach and adequate
flows in fall. The stream below McCormick Dam10,000 i

i is most suitable for fall- and late-fall-run chinook
8,000 1 ..................... salmon spawning, but unsuitable for oversummer- 1

ing spring-run chinook salmon or for year-round
5,000 i residence by steelhead. Conditions above the dam

~ are suitable for steelhead and spring-run chinook
4’°°9 ~i salmon.

McCormick Dam impairs the up- and downstream ~’!
2,000

0 ¯ passage of juvenile and adult anadromous fish.
1965 1970 1975 1980 1985 1990 1995 Removal of the dam would improve passage and

Clear CreekFall-RunChinookSalmonEstimates, 1965-1995 survival of chinook salmon and steelhead and

~ ~ .
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improve the transport of natural sediments frombedload transport rate was estimated to be
the stream reach above the dam to the lower19,000 tons per year.
reach:

COW CREEK ECOLOGICAL UNIT Historical Monthly Average Flow
[

Cow Creek flows through the southwestern foot- 1400
hills of the Cascade Range and enters the 1200
Sacramento River 4 miles east of the town of 1000Anderson in Shasta County. Cow Creek ~
encompasses five major tributaries: Little (North) ~ 800

Cow, Oak Run, Clover, Old Cow, and South Cow ~ ~oo
Creeks. The drainage area is approximately 400
425 square miles, and the average discharge is 200
501,400acre-feet per year. 0

J F M A M a a A S O N D

Cow Creek has a natural flow pattern of high [] Normal Year [] Dry Year
winter and low summer-fall flows, typical of

Sacramento Valley streams that originate Cow Creek Streamflow, 1953-1993 (Dry year is the 20thmany percentile year; normal year is the 50th percentile or
from foothills rather than from the Cascade or median year.)
Sierra crests. Near its mouth (where the gaging
station is located), the stream is nearly dry duringFall-run and late-fall-run chinook salmon spawn
the summer and fall months of dry years. USGSin the creek on the valley floor and in all five
surface water records show the mean August flowtributaries. Adult steelhead trout have been
of 35 cfs, September at 45 cfs, and October at 131 observed in South Cow, Old Cow, and North Cow
cfs with a maximum August flow of 115 cfs andCreeks. Previous management plans have
a minimum of 1 cfs. estimated the potential of fall-run salmon in Cow

Creek at 5,000 spawners; however, fall-run
In wetter years, flows in winter months averagechinook salmon populations have been as high as
2,600 to 6,000 cfs. In winter months of dry years, 7,600. The average run size from 1953 to 1969
average monthly flows peak at 500 to 650 cfs. Inwas 2,800 salmon. In recent drought years, there
the driest years, winter monthly average flowshave been too few salmon in Cow Creek to make
reach only 80 to 120 cfs. Small agriculturalpopulation estimates. No major diversions exist in
diversions contribute to lower flows in summerthe fall-run spawning reach, and the average
and fall. A Pacific Gas and Electric Companymonthly flow from October through December
(PG&E) hydropower project diversion reduces has actually increased since 1969. The decline in
flow on a 10-mile section of the South Fork. the Cow Creek fall-run salmon population

coincides with salmon population declines
In the past, Cow Creek has supported eight smallthroughout the Sacramento River basin. There are
gravel mining operations. The lower 10 miles ofno estimates for late-fall-run chinook in Cow
channel is approximately 50% exposed bedrock. Creek.
Where bedload is deposited, it is generally only a
thin veneer. Instream mlning was eliminated withIn 1992, DFG conducted stream surveys of four of
the passage of a Shasta County gravel miningthe five Cow Creek tributaries. Emphasis was
ordinance. There has been no instream gravelplaced on evaluating habitat for spring-run
mining in Cow Creek for at least 12 years, chinook salmon and steelhead trout holding,
Because of the limited availability 0fgravel, thespawning, and rearing. The survey results
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steelhead habitat while nearby development
increases.

8,000 ......................................................... BEAR CREEK ECOLOGICAL UNIT

~,ooo . : Bear Creek is a small, eastside tributary entering
: the Sacramento River 5 miles below Anderson.

4,000 .... The stream has low streamflow in spring through
fall months of most years and flows year round at

2,000 the Highway 44 bridge in dry years. All steelhead
habitat is above this bridge. During spring and

1 rls Summer, the limited natural streamflow is further
~96S ’1970 ’~9 :’1980 ~85 ’1990 ~995 reduced by irrigation diversions in the lower

reaches, where the stream enters the valley floor.

Cow CreekFalI-RunChinookSalmonEstimates, 1965-1995 Adequate streamflows in fall and spring are
prerequisites for anadromous fish migration and

concluded that Cow Creek is not suitable for reproduction.
spring-run chinook salmon because of warm
summer water temperatures and lack of largeThe limited runoff in this small stream makes it
holding pools. Steelhead, however, could survivedifficult to simultaneously meet the limited
if provided access to the tributaries above theagricultural water demands and instream flow
valley floor. North Cow, Clover, and Old Cow needs of anadromous fish,-especially in below-
Creeks have natural bedrock falls that are eithernormal water years. During above normal water
complete or partial barriers to anadromous fish. years, there is a reduced risk to juvenile salmon

and steelhead during the spring diversion season,
Land use activities in the Cow Creek drainagebecause irrigation water demands are reduced and
include agriculture, timber harvest, livestockthe diversion rates are relatively small compared
grazing, and hydropower production. Loss ofto the total streamflow.
habitat and water diversions are largely the result
of activities associated with livestock production.
The only laddered dams and screened diversions
are part of hydropower facilities. Agricultural Historical Monthly Average Flow
diversions are unscreened, ditches are unlined and
poorly maintained, and grazing is destroying some
of the riparian corridor and causing excessive
erosion.

Population growth in the towns of Palo Cedro,
Bella Vista, Oak Run, and Millville is resulting in
increased demand for domestic water and is
affecting riparian habitat in the Cow Creek
watershed. Measures are required to protect the
existing habitat from further damage associated J V M A M d J A S O N D

with gravel extractions, water diversions, creek-
side development, and livestock grazing. Cow
Creek presents a unique opportunity to maintain Bear Creek Streamflow, 1960-1967 (Dry year is the 20th

and preserve fall- and late-fall-run salmon and percentile year; normal year is the 50th percentile or median
year.)
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Bear Creek has a natural flow pattern of highand steelhead can significantly reduce survival rates.
winter and low summer-fall flows, typical of
many Sacramento Valley streams that originate BATTLE CREEK ECOLOGICAL UNIT
from foothills rather than the Cascade or Sierra
crests. Near its mouth (where the gaging station isBattle Creek enters the Sacramento River
located) the stream is nearly dry during summerapproximately 5 miles southeast of the Shasta
and fall months of low rainfall years. In wettestCounty town of Cottonwood. It flows into the
years, flows in winter months average 1,100 toSacramento Valley from the east, draining a
2,000 cfs. In winter months of dry years, averagewatershed of approximately 360 square miles.
monthly flows reach only 30 to 70 cfs. In the
driest years, winter monthly average flows reachBattle Creek has a natural flow pattern of high
only 20 to 35 cfs. Small agricultural diversionswinter and moderate summer-fall flows, typical of
contribute to lower flows in summer and fall. Mount Shasta-Cascade spring-fed streams. Near

its mouth (where the gaging station is located),
Bear Creek is able to support populations of fallo the stream has average flows of 240 to 260 cfs in
run chinook salmon only when early fall rains and fall. Even in the drier flowssummer years, are
create suitable conditions for passage over shalomore than 150 cfs. In wettest years, flows in
low riffles and allow access to the limitedwinter months average 1,200 to 2,400 cfs. Battle
spawning habitat. Because of low and warmCreek has the best connection between the river
streamflow conditions in spring, juvenile salmonand mountainous areas of any Sacramento 1Liver
and steelhead must emigrate early in the season toecological unit. PG&E operated a series of small
survive, run-of-the-river hydroelectric diversions that

divert up to 98% of the stream’s baseflow and a
Salmon spawning surveys conducted during yearsmuch smaller portion of the wet season flow.
with sufficient flows to attract adult salmonUnder and interim agreement, the required
indicate that Bear Creek can support 150-300 minimum fishery releases to the creek are
spawning salmon. Steelhead have been observedincreased by a factor of 10 at three diversions in
in the creek, but no population estimates havea 17-mile section of the creek system.
been made.

6oo I Historical Monthly Average Flow
500 ..........................

600
300 .....................

zoo
400

01965 1970 1975 1980 1985 1990 1995

Bear CreekFalI-RunChinookSalmonEstimates, 1965-1995 d F M A M J J A S O N D

[] Normal Year [~ Dry Year
Unscreened irrigation diversions operating during

Battle Creek Streamflow, 1963-1993 (Dry year is the 20th
the juvenile emigration period for chinook salmon percentile year; normal year is the 50th percentile or

median year.)
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PG&E owns and operates the Battle. CreekNational Fish Hatchery weir and the mouth is still
project, which consists of two small storagesignificant but suffers from spawning populations
reservoirs, four unscreened hydropower
diversions on the North Fork Battle Creek, three fall-run chinook salmon migration at the hatchery
unscreened hydropower diversions on South Forkand the effect of low flows caused by PG&E’s
Battle Creek, a complex system of canals andhydropower operations have combined to reduce
forebays, and five powerhouses, salmon and steelhead populations above the

hatchery to remnant status.
60,000 ...................

There is one large, unscreened agricultural
5o,ooo

diversion (Battle Creek Diversion). DFG
40,000 constructed a screen for this diversion, but

because of landowner concems, installation of the
:zo,ooo screen was delayed. The screen has recently been

~,o,ooo installed.

10,ooo i Restoring the remnant populations of naturally
spawning chinook salmon and steelhead located

0~965 1970 1975 1980 1985 1990 1995 above the fish hatchery barrier dam to a healthy
status can be done in a manner that integrates the

Battle Creek Fall-Run Chinook Salmon Estimates, 1965-1995 beneficial uses of hydropower production and
aquaculture in the watershed. Physical and

ERPP proposes to restore important ecologicaloperational changes of PG&E’s projects include
functions and processes and habitats in a step-by-screening or removing the diversions on the North
step approach over several years. Restoration ofFork and South Fork of Battle Creek, increasing
these ecosystem elements will permit thereleases from project diversions, and stopping
restoration of anadromous fish in the basin. Inremoval of stream gravel that accumulates at
addition, restoration will require diseaseproject diversions.
management measures for the fish hatchery water
supply. As the range of anadromous fish in theAnadromous fish have historically migrated above
watershed is increased, additiona! efforts will bethe hatchery during minor and major storm events
directed at fish screens, fish ladders, hatcheryeach year which flood out the hatchery barrier
water supply management, and increased releasesdam and when the fish ladder at the barrier dam
of water from hydroelectric
approach will first restore the stream reachpast years. The Coleman Hatchery Development
capable of supporting all types of anadromousPlan proposes a Phased installation of an ozone
fish. This approach will restore approximatelysterilization system. The present level of
one-half of the available anadromous fish habitatozonation at Coleman Hatchery (10,000 g.p.m.) is
without subjecting the hatchery to increasedsufficient to sterilize all the water needed to
disease risk or degrading the quality of theproduce the early life stages of chinook salmon
hatchery water supply, and steelhead and one-third of the water necessary

to produce juvenile fish. The environmental
Before development, Battle Creek was one of thedocuments and preliminary funding arrangements
most important chinook salmon spawning streamshave been completed to begin the construction of
in the Sacramento Valley. Runs of fall-, winter-,the remaining two-thirds of the water supply
and spring-run chinook salmon and steelheadneeded for juvenile fish production.
were found there. Natural spawning of salmon and
steelhead in Battle Creek between the Coleman
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The restoration of naturally produced runs ofevaluation of spawning habitat in the portions of
anadromous fish in Battle Creek can be conductedBattle Creek watershed accessible to anadromous
in a manner compatible with the phasing in of the’ fish above Coleman Hatchery Fish Barrier
ozone treatment planE. If those races of salmonesti_mate 166,000 square feet of spawning gravel.
that represent a significant disease risk arePotentially, this much spawning habitat could
restricted through seasonal fish ladder closures toaccommodate 3,500 spawning pair. The North
the first 17-mile reach of Battle Creek above theFork of Battle Creek, Eagle Canyon in particular,
hatchery for the initial phase of restoration, acontains deep, cold, and isolated pools ideal for
hatchery water supply can be maintained and theholding spring-run chinook salmon throughout
capacity to supply the balance of the hatcherysummer. Because of the critically low numbers of
water supply that will not be treated with ozonespring-run chinook salmon in the Sacramento
can be reached. It will be necessary to improveRiver drainage, any expansion of available habitat
the reliability of the Coleman Canal water supply,for that race has a high priority.

The fish hatchery, located approximately 6 milesFrom 1985 through 1989, adult fall-run chinook
upstream of the mouth of Battle Creek, is operatedsalmon, surplus to the fish hatchery egg-taking
by the U.S. Fish and Wildlife Service (USFWS). needs, were released into Battle Creek above the
It was constructed by Reclamation as partialhatchery weir to spawn naturally. Because of
mitigation for the construction of Shasta Dam andpotential disease problems at the hatchery related
produces fall-run chinook salmon, late-fall-runto ~decomposing carcasses, the fish ladders on
chinook salmon, and steelhead trout. Winter-runPG&E’s two lowermost diversions (Wildcat
chinook salmon, a federally and state-listedDiversion on the North Fork and Coleman on the
endangered species, was also successfullySouth Fork) were closed. This action prevented
propagated in small numbers at the hatchery tofish from ascending into the area above the
supplement the wild population. The winter-runhatchery water supply intake and eliminated the
chinook artificial propagation program atpossibility of salmon migrating into the middle or
Coleman was stopped and is in the process ofupper reaches of those streams.
being moved to a new facility at the base of
Shasta Dam. This is scheduled to be inoperational VISION FORTHEECOLOGICAL
early 1998.

ZONE
Restoration of Battle Creek’s anadromous fish
habitat above the valley floor will focus onThe vision for the North Sacramento Ecological
restoring spring-run chinook salmon and steelheadZone is to restore important fishery, wildlife, and
trout. These actions will be sufficient to provideplant communities to a healthy condition. To
for the requirements of winter-run chinookattain this vision, the Ecosystem Restoration
salmon that may return to Battle Creek. Program Plan recommends developing and

implementing comprehensive watershed
Surveys conducted before the construction ofmanagement plans for the streams in this zone,
Shasta Dam indicate that, with sufficient water,which will restore important ecological processes
the stream reaches above the fish hatchery couldthat create and maintain habitats for fish, wildlife,
provide -spawning habitat for more thanand plant communities.
1,800 pairs of salmon. The stream reaches up to
MacCumber Dam are not reachable byThe vision focuses on restoring spring-run
anadromous fish because of barriers. Thechinook salmon and steelhead to population levels
anadromous reach in the North Fork Battle Creek of the late 1960s and early 1970s. To achieve this
extends up to approximately two miles above thevision, ERPP recommends increased protection
North Fork Battle Feeder Dam. The recent (1991) for naturally produced chinook salmon and
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steelhead as they rear and migrate downstreamwatershed management planning process for this
from the natal areas to the mainstem Sacramentounit.
River. This would involve improving passage at
water diversion structures; installing positive- Cow CREEK ECOLOGICAL UNIT
barrier fish screens to protect juveniles; and
providing sufficient flows for migration, holding,The vision for the Cow Creek Ecological Unit
spawning, and rearing, includes reducing adverse effects of timber

harvest, erosion, and cattle grazing on the stream
Gravel extraction is a significant problem in manyand riparian system and maintaining or restoring
areas of this ecological zone, and a cooperativestreamflows during important periods of the year
effort is needed to relocate this activity to sitesto allow fish migration, spawning, and rearing of
away from the active stream channels. ERPP alsofall-run chinook salmon and steelhead trout. A
recommendsreestablishing floodplains in the comprehensive watershed management plan
lower stream reaches to allow stream channeldeveloped and implemented at the local, level
meander, sediment transport and deposition, andwould assist in restoring this creek. In addition,
a healthy riparian corridor. Actions to maintainsediment in the creek is limited, and ERPP
and restore healthy riparian zones includerecommends a cooperative program to relocate
providing shaded riverine aquatic habitat andgravel extraction operations to areas outside the
woody debris and maintaining biologicallyactive streamchannel.
productive gravel beds for fish spawning and
invertebrate production. Actions on Cow Creek include obtaining flow

agreements, screening diversions to protect all life
ERPP envisions that the fish, wildlife, andstages ofanadromousfish, improving fish passage
riparian needs of the North Sacramento Valleyat agricultural diversion structures, and fencing
Ecological Zone will be met and an acceptableselected riparian corridors in the watershed to
level of ec6system health will be achieved whenexclude livestock and promoteriparian
the following visions have been satisfactorilyregeneration. --
attained.

BEAR CREEK ECOLOGICAL UNIT
VISIONS FOR ECOLOGICAL UNITS

The vision for the Bear Creek Ecological Unit
CLEAR CREEK ECOLOGICAL UNIT will emphasize restoring and maintaining

important ecological processes, such as
The vision for the Clear Creek Ecological Unit isstreamflow and sediment supply. Steelhead trout
to restore flows from Whiskeytown Dam to: is an important species that will benefit from

improvements related to fish passage and
[] allow successful, upstream passage of immigration and holding, spawning, and rearing

chinook salmon and steelhead, habitats. The individual value of Bear Creek is
¯ restore sediment transport and gravel small, but, cumulatively, the values of streams

recruitment in the stream channel, and such as this can be integral and valuable in
¯ establish a clearly defined stream meander restoring ecological health to the Bay-Delta

zone, and riparian and riverine aquatic plantsystem, particularly for the steelhead trout and
communities, fall-run chinook salmon resources. Recent, but

limited field studies, have shown that in some
The potential of providing sustainable and resi-years lower Bear Creek can provide~ valuable non-
lient ecological processes and habitats will benatal rearing habitat for juvenile salmonids.
.enhanced by developing a locally sponsored

~ ~
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ERPP recommends a cooperative program withSacramento River below Keswick Dam would
water users for a mutually acceptable flowemulate natural flow patterns, with late-winter/
schedule that would not only provide protectionearly-spring flow events and sustained flow well
for downstream migrating salmon and steelheadinto the summer. The vision is that streamflow.
but recognize the needs of agriculture. This couldwill be provided at levels that activate ecological
be accomplished through conjunctive use ofp.rocesses that shape the stream channels and
groundwater, sustain riparian and riverine aquatic habitat,

transport sediments, and sustain juvenile
BATTLE CREEK ECOLOGICAL UNIT anadromous fish during the summer.

The vision for the Battle Creek Ecological Unit NATURAL SEDIMENT SUPPLY
includes:

The supply of sediments to the streams in the
¯ Supporting a local watershed conservancy North Sacramento Valley Ecological Zone

and developing and implementing a support stream channel maintenance and sustain
comprehensive watershed management riparian aquatic Thisand riverine habitats.
plan, sediment includes gravel for fish spawning and

¯ increasing flows, : invertebrate production The vision is that
¯ i~nproving the water supply to Coleman processes to provide a continual supply of natural

National Fish Hatchery, sediments arerestored, reactivated, or
¯ removing diversion dams or installing new supplemented.

ladders, and
i installing positive-barrier fish screens to STREAM MEANDER

protect juvenile chinook.
Streams in the North Sacramento Valley

Improving water management operations andEcological Zone exhibit a natural tendency to
installing positive-barrier fish screens will providemeander. This provides for the continual supply
large benefits to many aspects of the ecologicalof natural sediments, regeneration 0fthe riparian
processes and fish and wildlife in the watershed,corridor, and the rejuvenation of grav.els used for
ERPP also envisions that Battle Creek willfish spawning and invertebrate production. The

provide much-neede5 habitat for steelhead troutvision is that stream meander corridors are
and spring-run chinook salmon, in addition toestablished or maintained to provide much of the
maintaining its existing importan.ce to fall- andneeded sediments and habitats for fish, wildlife,
late-fall-run chinook, and plant communities.

VISIONS FOR ECOLOGICAL NATURAL FLOODPLAIN AND FLOOD

PROCESSES PROCESSES

CENTRAL VALLEY STREAMFLOW River-floodplain interactions are important
ecological events that occur at varying intervals,.

Healthy instream flows are sustained to restoreranging annual inundation of some of thefrom

ecological processes and functions that maintainfloodplain to flow or flood events that inundate

habitats and support aquatic species. Streamflowsmost of the floodplain. The larger events occur

shape channels, support riparian vegetation,within 5-, 10-, 50-year or longer intervals. This

provide habitat for fish, and transport young fishrecurrent flood cycle maintains the stream

downstream. Healthy streamflow patterns in thechannel, allows the stream to contact higher

streams tributary to the upper reach of thegravelterraces,supportsriparianregeneration,
and allows the stream channel to migrate. The
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vision is that the floodplains of streams in thestream, which includes shade and escape cover for
North Sacramento Valley Ecological Zone arejuvenile fish. The vision for riparian and riverine
maintained at levels that permit recurrent .aquatic habitat is that riparian corridors will be
floodplain inundation, maintain and restored by improvements in

sediment transport, stream meander, reconnecting
CENTRAL VALLEY STREAM streams with their floodplains, improved grazing

TEMPERATURES and other land use practices, and by the creation
of extensive riparian protection zones.

Chinook salmon and steelhead are dependent on
specific stream temperatures. Optimum spawning VISIONS FOR REDUCING OR
and egg incubation typically occurs at 52°F while ELIMINATING STRESSORS
optimum rearing temperatures are slightly higher.
Temperature requirements also vary among

WATERDIVERS1ON
chinook runs, species, and life stage. The Vision
for stream temperatures is to provide sufficientWater diversions reduce the quantity of flow
flows to sustaincool water during important lifebelow the diversion point and cause directstages to support all life stages of chinook salmon,mortality by entraining young fish. The vision for
steelhead, and other aquatic organisms, water diversion and unscreened diversion in the

North Sacramento Valley Ecological Zone is that
UPPER WATERSHED PROCESSES sufficient flow will remain below diversion points

to permit the successful up- and downstream
Health of watersheds above the valley floormigration of adult and juvenile fish, and that
depends on condition of the forest lands,water will be diverted through state-of-the-art fish.
grasslands, and riparian vegetation. Healthyscreens to reduce loss of juvenile fish.
watersheds moderate flow events, resulting from
heavy rainfall events, store water that provides

DAMS, RESERVOIRS~ WEIRS, AND OTHER
summer base flows, and reduce the amount of fin~

STRUCTURESsediment carried into the stream channel. The
vision is that upper watersheds in the North
Sacramento Valley ecological zone will beInstream structures frequently impair the

managed using state-of-the-art timber harvest,upstream and downstream passage ofanadromous

road construction, and grazing practices to protectfish. The vision for the North Sacramento Valley

water supplies, water quality, and habitats thatEcological Zone is that the connections between

contribute to the overall health of the Bay-Deltaupstream holding, spawning, rearing, and migra-

and the ecological zones that lie in between, tion habitats and the Sacramento River are
improved and maintained to permit unobstructed
fish passage.

VISION FOR HABITATS

LAND USE
RIPARIAN AND RIVERINE AQUATIC

Land uses in the lower reaches of streams in the
Riparian and riverine aquatic habitats support aNorth Sacramento Valley Ecological Zone often
wide diversity of aquatic and terrestrial species,adversely affect riparian habitat, sedimentation
HealthY riparian corridors provide a migratory rates, and water quantity and quality. The vision
pathway between lower and higher elevationis to implement land use practices that are
habitats for terrestrial species, such as mammalscompatible with maintaining and restoring high
and birds. Shaded riverine aquatic habitatquality aquatic and riparian habitats. This
provides important habitat complexity in theinvolves rangeland management and stream
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protection practices that provide buffer zonesfish from Battle Creek and other Central Valley
between the streams and rangelands and humanhatcheries supplement the numbers of naturally
developments, spawning salmon and steelhead in the Sacramento

River and its tributaries. Hatchery salmon and
GRAVEL MINING steelhead may impede the recovery of wild

populations by competing with wild stocks for
Gravel mining can greatly reduce the quality andresources. Hatchery-raised stocks, because of
quantity of natural sediments in the streams of theinterbreeding, may not be genetically equivalent
North Sacramento Valley Ecological Zone. Theto wild stocks or may not have the instincts to
vision is that gravel mining operations in thesurvive in the wild. If these stocks breed with wild
active stream channel will be reduced andpopulations, overall genetic integrity suffers. The
relocated to alluvial deposits outside the activevision for artificial production in the North

Sacramento Valley Ecological Zone is tostream channel.
implement hatchery practices that contribute to

INVASIVE RIPARIAN AND SALT MARSH the recovery of naturally spawning populations of
salmon and steelhead.PLANTS

Invasive riparian plants can outcompete and VISIONS FOR SPECIES
displace native vegetation. Often, these invasive
plants have little or no value to native fish or SPRING-RUN CHINOOK SALMON ¯
wildlife species. The vision for reducing invasive
riparian plants in the North Sacramento ValleySpring-run chinook are dependent on late-~
Ecological Zone is to establish cooperative andwinter/early-spring flows for upstream passage,
coordinated eradication programs that allow thedeep pools and cool water for oversummer
regeneration of native plant speciesand survival, and quality gravel for successful
communities, spawning in the fall. The vision for spring-run

chinook salmon in the North Sacramento Valley
HARVEST OF FISH AND WILDLIFE Ecological Zone is that stream flows, stream

temperatures, and habitat quality will be main-
The legal and illegal harvest of chinook salmontained or restored to a level that will support adult
and steelhead can reduce the number of spawningand juvenile populations.
fish and impair other efforts to restore and rebuild
spawning populations. The vision for illegal FALL-RUN CHINOOK SALMON
harvest in the North Sacramento Valley
Ecological Zone is to implement a strongerFall-run chinook depend on late-summer and fall
enforcement program. The vision for legal harveststreamflow for access to spawning areas in the
is to develop harvest strategies that assist in thelower stream reaches. Habitat suitability is
restoration of anadromous fish species., influenced by water temperatures. The vision for

fall-run chinook salmon in the North Sacramento
~TIFICIAL PROPAGATION OF FISH Valley Ecological Zone is that stream flows,

stream and habitat quality will betemperatures,
The production of chinook salmon and steelheadmaintained or restored to a level that will support
at Coleman National Fish Hatchery on Battlespawning and juvenile rearing through late spring.

supports important sportCreek andcommercial
fisheries and mitigates loss of salmon and steel-
head habitat that resulted from the construction of
Shasta Dam. Due to release practices, hatchery
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LATE-FALL-RUN CHINOOK SALMON DFG, DWR, USFWS, and the National Marine
Fisheries Service (NMFS), as well as participation

Late-fall-run chinook typically depend on winter and support from Reclamation, the U.S. Natural
stream flows and quality spawning gravel. TheResources Conservation Service, and private
vision for late-fall-run chinook salmon in theorganizations, water districts, and individual
North Sacramento Valley Ecological Zone is to landowners. These groups are expected to work
improve ecological processes that create andtogether to maintain and restore streamflows and
maintain spawning habitat and reduce sources offish and wildlife habitat, reduce the impacts of
mortality that diminish survival of juvenile anddiversions, and minimize poaching and habitat
adult fish. and water quality degradation in basin streams. In

support of this effort, cooperating agencies should
STEELHEAD seek funding for enhancing streamflows, reducing

fish passage problems, screening diversions,
Juvenile steelhead are dependent on cool water forrestoring habitats, and increasing Fish and Game
oversummer survival, late-winter/early-springCode enforcement to protect recovering
flows for downstream passage, and quality gravelpopulations of salmon and steelhead.
for successful spawning in the late winter/early
spring. The vision for steelhead in the North SALMON~ STEELHEAD TROUT AND
Sacramento Valley Ecological Zone is that stream ANADROMOUS FISHERIES PROGRAM ACT
flows, stream temperatures, and habitat quality
will be maintained or restored to a level that willEstablished in 1988 by Senate Bill 2261, this Act
~support adult and juvenile populations, directs the California Department of Fish and

Game to implement measures to double the
INTEGRATION WITH OTHER numbers of salmon and steelhead present in the

Central Valley (DFG 1993, 1996). The DFG’s
RESTORATION PROGRAMS          salmon and steelhead restoration program

includes cooperative efforts with local
LOCAL WATERSHED PLANNING GROUPS governments and private landowners to identify

problem areas and assist in obtaining funding for
Maintaining and restoring the ecological health offeasibility studies, environmental permitting, and
the ecological units in the North Sacramentoproject construction. The vision will help DFG as
Valley Ecological Zone will depend heavily onit progresses toward doubling the number of
local watershed groups, including local land-anadromous fish over the number present in 1988.
owners, concerned individuals, and local resource
experts. The only formal watershed planning CENTRAL VALLEYPROJECT
gro.up in this ecological zone is the Clear Creek IMPROVEMENT ACT
Coordinated Resources Management Program

fosteredby theWesternShasta Resource The U.S. Fish and Wildlife Service and the
Conservation District. A Battle Creek watershed Bureau of Reclamation (Reclamation) are
interest group is forming but has not developed aimplementing the Central Valley Project
formal approach to watershed planning.Improvement Act (CVPIA), which provides for
Additional groups are needed to sponsorrestoring habitats and species and eliminating
watershed planning and restoration on Cow andmany stressors. Key elements of the CVPIA
Bear Creeks. program include the Anadromous Fish

Restoration Program (USFWS 1997) and the
Ecosystem restoration efforts in the North’Anadromous Fish Screening Program.. Other
Sacramento Valley Ecological Zone will be linkedelements are directed at spawning gravel
to cooperation from resource agencies, such asreplenishment, fish passage, water temperature
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control in the reach between Keswick Dam andClass Deseriptioa
the Red Bluff Diversion Dam (RBDD), water¯ Target for which additional research,
acquisition, and other measures that will demonstration, and evaluation is needed to
contribute to health of the Sacramento River and determine feasibility or ecosystem response.
Sacramento-San Joaquin Delta Ecological Zones.

¯ ¯ Target which will be implemented in stages
The vision for the North Sacramento Valley with the appropriate monitoring to judge
Ecological Zone will contribute to and benefit benefit and success.
from the Anadromous Fish Restoration Program
(AFRP), which strives to double the natural¯¯¯ Target that has sufficient certainty of success
production ofanadromous fish in the system over to justify full implementation in accordance
the average production from 1967 through 1991. with adaptive management, program priority

setting, and phased implementation.

Reclamation is willing to assist in restoring Clear
Creek fish habitat by providing additional water ECOLOGICAL PROCESSES
from Whiskeytown Reservoir. The amount of
water committed to maintain salmon and CENTRAL VALLEYSTREAMFLOWS
steelhead in this creek is presently recommended
not to exceed 200 cfs from October 1 through IMPLEMENTATION OBJECTIVE: The implemen-
June 1 and 150 cfs from June 2 to September 30.ration objective for Central Valley streamflows is
Flows are being evaluated to determine theto restore basic hydraulic conditions to reactivate
instream flow necessary to achieve theand maintain ecological processes that create and
implementation objective. ¯ sustain habitat required for healthy fish, wildlife,

and plant populations.

PROGRAMMATIC TARGET: More closely emulate
LINKAGE TO OTHER

ECOLOGICAL ZONES the seasonal streamflow patterns in Clear, Cow,
and Battle Creeks in most year types by providing

The North Sacramento Valley Ecological Zone isor maintaining flows that mobilize and transport
most closely linked to the Sacramento Riversediments, allow upstream and downstream fish
Ecological Zone and exhibits a high degree ofpassage, create point bars, and contribute to
connectivity through the confluences of Clear,stream channel meander andriparianvegetation
Cow, Bear, and Battle Creeks with the succession.
Sacramento River Ecological Zone.

TARGET 1: Increase flow in Cow Creek by 25 to

IMPLEMENTATION OBJECTIVES~ 50 cfs, corresponding to the natural seasonal
runoff pattern, and maintain 25 to 75 cfs during

TARGETS~ AND PROGRAMMATIC October (¯¯).
ACTIONS

PROGRAMMATIC ACTION 1A: Increase flow in

Targets developed for the North SacramentoCow Creek by purchasing water from willing

Valley Ecological Zone can be classified by theirsellers or implementing a conjunctive ground-

reliability in contributing to attainment of thewater program.

implementation objectives. The target
TARGET2: Increase flow in Clear Creek to 150 toclassification system used in the following section

is as follows: 200 cfs from October 1 to May 31 and to 100 to
150 cfs from June 1 to September 30 (¯¯).
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PROGRAMMATIC ACTION 2A: Develop a sediments to rebuild wetlands and shallow-water’
cooperative program to improve flow in Clear habitats, and provide for nutrient transport.
Creek by increasing releases from Clair Hill
Whiskeytown Dams. TARGET 1: Maintain existing levels of erosion

and gravel recruitment in streams of the North
TARGET 3: Augment flow in Battle Creek by 25 Sacramento Valley Ecological unit and, where
to 50 cfs (~). necessary, supplement gravel recruitment through

adaptive management and monitoring (~).
PROGRAMMATIC ACTION 3A: Increase flow in
Battle Creek by purchasing water from willingPROGRAMMATIC ACTION 1A: Cooperatively
sellers or providing compensation for forgonedevelop appropriate land use plans that allow the
power production, natural recruitment of sediments to streams in the

North Sacramento Valley Ecological Zone.
TARGET 4: Augment flow in Bear Creek by 10 to
20 cfs (~). TARGET 2: Increase existing levels of erosion and

gravel recruitment in Clear Creek by 25 to 50 tons
PROGRAMMATIC ACTION 4A: Increase Bear per year (~,~).
Creek flow by purchasing water from willing
sellers or providing alternative sources of water toPROGRAMMATIC ACTION 2A: Develop a
diverters during important fish passage periods incooperative program to improve gravel quality
spring and fall. and quantity in lower Clear Creek to maintain

high-quality spawning conditions for fall-run and
RATIONALE: The streams in the North Sacramento late-fall-run chinook salmon by evaluating the
Valley Ecological Zone provide extremely addition of 5,000 to 10,000 cubic yards annually
valuable habitat for spring-run chinook salmon as needed. Evaluate the need to acquire or relocate
and steelhead trout. One of the key attributes of existing mining operations. Alter McCormick
streamflow in this ecological zone isprovidingfor Dam so that it no longer serves as a sediment trap.
successful upstream passage of adult fish. Water
is diverted from the streams in this zone during TARGET 3: Increase existing levels of erosion and
periods that impair upstream passage conditions gravel recruitment in Cow Creek by 5 to 10 tons
and prevent fish from reaching important over- per year (~).
summering or spawning habitats. Acquiring water
from willing sellers and implementing programs PROGRAMMATIC ACTION 3A: Develop a
to provide alternative sources of water during cooperative program to protect existing gravel and
important periods are direct approaches to bedload movement in Cow Creek tomaintain and
solving this problem. For example, natural flow in increase future spawning gravel and sediment
Bear Creek is often less than the combined water input to the Sacramento River by 5 to 10 tons per
rights ofdiverters, resulting in total dewatering of year by evaluating the need or opportunity to
the creek in the valley reach during critical acquire or relocate existing gravel mining
periods for chinook salmon, operations.

NATURAL SEDIMENT SUPPLY STREAM MEANDER

IMPLEMENTATION OBJECTIVE: The implemen- IMPLEMENTATION OBJECTIVE: The implemen-
tation objective for natural sediment supply is totation objective for stream meander is to maintain,
establish sufficient quantities to riverine, andimprove, or restore natural stream meander
estuarine systems to restore or reactivate streamprocesses to allow the natural recruitment of
channel meander and point bar formation, provide
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sediments, create habitats, and promote riparianreactivating or reestablishing the natural stream
succession, channel. Because of low flow releases from

~ Whiskeytown Lake in the past, vegetation has
PROGRAMMATIC TARGET: Preserve or restore encroached into the lower 3 miles of the active
the 50- to 100-year floodplain and existing stream channel on Clear Creek, prevented
channel meander characteristics of Clear Creek,meander, and frced stream sediments so that they
particularly in low-gradient areas where mostno longer contribute to sediment loadorprovide
sediment deposition occurs and where streamsubstrate for fish spawning. ~
channel meander is most pronounced.

NATURAL FLOODPLAIN AND FLOOD
TARGET 1: Create a more defined stream channel PROCESSES
in the lower 8 miles of Clear Creek to facilitate

passage (~,,).                           IMPLEMENTATION OBJECTWE: Modify channelfish
and basin configurations to improve floodplain

PROGRAMMATIC ACTION 1A: Develop a functions along rivers and streams in the
cooperative program to improve lower Clear Sacramento-San Joaquin Basin.
Creek by maintaining flow Connection with the
Sacramento River and by regrading the channelTARGET 1: Increase and maintain the Clear Creek
and controlling vegetative encroachment, in with stream meanderfloodplain conjunction

corridor restoration (~,~).
RATIONALE." Gravel deposits in Clear and Cow ~
Creeks are essential to maintaining spawning and PROGRAMMATIC ACTIONS 1A: Develop a
rearing habitats of spring-run and fall-run cooperative program, consistent with flood
chinook salmon, steelhead trout, and other native control requirements, to evaluate the feasibility of
fishes. Whiskeytown Dam and extensive gravel altering stream channel configuration in the lower
extraction in the lower section of Clear Creek reach of Clear Creek to increase the areal extent
continue to reduce the amount of gravel transport of floodplains inundated during high flow periods.
to near zero; Cow Creek has only a limited
natural supplyandhas been adversely affectedby TARGET 2: Reestablish natural floodplain and
gravel mining in its lower reach near the stream channel meander in the lower 8 miles of
Sacramento River. Although small, Cow Creek Clear Creek (~,).
provides an important source of sediments to the
Sacramento River, particularly for the 8- to 10- PROGRAMMATIC ACTION 2A: Acquire flood-
mile reach between its confluence with the river plains by direct purchase or easement from
and the mouth of Cottonwood Creek. willingsellers.

The Clear Creek stream meander belt is the area RATIONALE." Floodplain inundation is a
in which natural bank erosion and floodplain and secondary ecosystem process related to water and
sediment bbr accretions occur. Natural stream sediment flow through the Sacramento-San
meander belts in alluvial systems function Joaquin Basin in combination with
dynamically to transport and deposit sediments geomorphology. Floodplain inundation is the
and provide transient habitats important to algae, seasonal flooding of floodplain habitats, including
aquatic invertebrates, and fish, as well as surfaces riparian and riverine aquatic habitats. Flooding
that are colonized by natural vegetation that of these lands provides important seasonal habitat
support wildlife. The flow regime in Clear Creek for fish and wildlife and provides sediment and
has recently been improved by adding nutrients to both the flooded lands and aquatic
supplemental water under provisions of the habitats that receive the returning or abating
CVPIA. This improved flow will assist in floodwater The flooding also shapes the plant

i ~ ~
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"and animal communities in the riparian, wetland, habitats is to restore riparian scrub, woodland, and
and upland areas subject to flooding, forest habitat along largely nonvegetated
Opportunities to restore or enhance this process riprapped banks of Delta island levees, the
are possible by changing landscape features, Sacramento and San Joaquin Rivers, and major
geomorphology, and seasonal distribution of[low tributaries of the Sacramento and San Joaquin
volume through the system. Rivers to create riparian vegetation corridors,
. Habitat restoration will provide shaded riverine

UPPER WATERSItED PROCESSES aquatic cover for anadromous and other fish
species and create high-quality habitat for

IMPLEMENTATION OBJECTIVE: The implemen- associated special-status plant and animal species
ration objective for upper watershed health andand other wildlife.
function is to restore ecological processes in the
upper watersheds to maintain and improve theTARGET 1: Develop a cooperative program to
quality and quantity of water flowing into theestablish riparian habitat zones along streams in
tributaries and rivers of the Sacramento-Santhe North Sacramento Valley Ecological Zone
JoaquinDelta and San Francisco Bay. through conservation easements, fee acquisition,

or voluntary landowner measures (,,~).
TARGET 1: Restore the upper watershed processes
(~). PROGRAMMATIC ACTION 1A: Develop a

cooperative program to establish, restore, and
PROGRAMMATIC ACTION 1A: Reduce excessive maintain riparian habitat on Clear Creek through
fire fuel loads in the upper watersheds, conservation easements, fee acquisition, or

voluntary, landowner cooperation.
PROGRAMMATIC ACTION 1B: Improve forestry
management practices, including timber harvest,PROGRAMMATIC ACTION 1B: Encourage the
road building and maintenance, and livestockdevelopment of long-term measures in the
grazing practices, comprehensive watershed management plan to

further improve water temperatures. Develop a
PROGRAMMATIC ACTION 1C: Develop a water- cooperative approach with counties and local
shed management plan. agencies to implement land use management that

protects riparian vegetation along the streams and
RATlONALE: Improved watershed processes will develop programs to restore .lost riparian
restore and maintain seasonal water runoff vegetation.
patterns, water yield, and water quality, and
reduce sediment load to downstream storage PROGRAMMATIC ACTION 1C: Cooperatively
reservoirs (reducing storage capacity and negotiate long-te.rm agreements with local
improving water quality). Healthier watersheds landowners to maintain and restore riparian
will also provide ancillary benefits to upper communities along the lower reaches of Cow,
watershed habitats and species. Bear, and Battle Creeks.

HABITATS RATIONALE: Many species offish and wildlife in
the North Sacramento Valley Ecological Zone

RIPARIAN AND SHADED RIVERINE
depend on or are closely associated with riparian
habitats. Of all the habitat types in California,

AQUATIC HABITATS                riparian habitats support the greatest diversity of
wildlife species. Degradation and loss of riparian

IMPLEMENTATION OBJECTIVE: The implemen- habitat have substantially reduced the habitat
tation objective for riparian and riverine aquaticarea available for associated wildlife species.
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Loss of this habitat has reduced water storage, sions cause consumptive loss of water, nutrients,
nutrient cycling, and foodweb support functions, sediment, and organisms. Seasonal and daily

’patterns of water released from storage may affect
ELIMINATING OR REDUCING habitat, water quality, and aquatic organism

STRESSORS ¯ survival. In both Clear and Battle Creeks, water
diversion and water diversion struct~ires have
caused direct mortality by removingjuvenile fish

WATER DIVERSIONS from the population. Water diversion also reduces
the quantity and quality of stream habitats and the

IMPLEMENTATION OBJECTIVE: The implemen- resiliency offish populations. Where possible, it
tation objective is to reduce entrainment ofis more desirable to acquire water rights and
juvenile fish into water diversions to increaseeliminate the diversion than to install positive-
survival and population abundance to levels thatbarrier fishscreens.
contribute to the overall health of the Delta and
other beneficial uses of land and water.               Coleman National Fish Hatchery receives its

water Battle Creek. Becausesupply directly from
TARGET 1: Reduce or eliminate conflicts betweenof past incidences of disease at the hatchery, adult
the diversion of water and chinook salmon and~ salmon and steelhead were blocked from
steelhead populations at all diversion sites onascending the creek to prevent disease contami-
Battle Creek (.~.). nation of the hatchery water supply. Restoring

naturally spawning fish in the upper watershed
PROGRAMMATIC ACTION 1A: Develop a will be limited until water can be supplied to the
cooperative approach to improve conditions forhatchery in a manner that will not contribute to
anadromous fish in Battle Creek by installing fishdisease outbreaks.
screens at four diversions on the North Fork, three
diversions on the South Fork, and one diversion

DAMS~ RESERVOIRS~ WEIRS~ ANDon the mainstem, or acquire water rights to
OTHER STRUCTURESeliminate the need for diversion and screening.

PROGRAMMATIC ACTION 1B: Improve the IMPLEMENTATION OBJECTIVE: The implemen-

survival of adult salmon and steelhead in Battletation objective for dams, reservoirs, weirs, and

Creek by installing a rack at the head of Goverother structures is to increase the connection of

Diversion Canal to prevent straying, upstream spawning and rearing habitat with the
mainstem rivers in the Sacramento-San Joaquin
basin to increase success of adult spawners andTARGET2: Reduce or eliminate conflicts between
survival of juvenile downstream migrants.the diversion of water and chinook salmon and

steelhead populations at all diversions on Clear
PROGRAMMATIC TARGET: Eliminate or reduceCreek (,~). water uses that conflict with increasing the

PROGRAMMATIC ACTION 2A: Acquire water success of spawning adults and survival of

rights on Clear Creek at the McCormick Dam to juvenile chinook salmon and steelhead by

eliminate the need for diversion, managing or reconstructing facilities and
structures that impair fish passage and fish
survival.RATIONALE: Diversion, storage, and release of

water in the Clear and Battle Creek watersheds
TARGET 1: Work with landowners and divertersdirectly affect fish and other aquatic organisms
on Cow Creek to reduce the adverse effects ofand indirectly affect habitat, foodweb production,

and speci.es abundance and distribution. Diver- 13 seasonal diversion dams in South Cow Creek,
10 diversion ~dams in Old Cow Creek, two
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diversion dams in North Cow Creek, and one PROGRAMMATIC ACTION 5A: Develop an
diversion dam in Clover Creek that are barriers toalternative or disease-free water supply for
migrating chinook salmon and steelhead. ThisColeman National Fish Hatchery to allow
would allow access to 100% of the habitat below naturally spawning salmon and steelhead access
any natural bedrock falls (~). to the full 41-mile reach of Battle Creek above the

ColemanNationalFishHatcheryweir.
PROGRAMMATIC ACTION 1A: Improve passage
conditions on Cow Creek by acquiring water RaTION~lLE: Dams and their associated reservoirs
rights from willing sellers, removing diversions,block fish movement, alter water quality, remove
or providing alternative sources of water duringfish and wildlife habitat, and alter hydrological
important periods, and sediment processes. Fish passage in the North

Sacramento Valley Ecological Zone is impaired in
TARGET 2: Work with landowners and diverters Clear, Cow, Bear, and Battle Creeks by a variety
on Bear Creek to reduce the adverse effects ofof permanent and seasonal dams used to divert
dewatering the stream channel at seasonalwater for irrigation or power pro. duction. Other
diversion dams, which results in no passage forhuman-made structures may blockfish movement
migrating chinook salmon (~)~ or provide habitat or opportunities for predatory

fish and wildlife, which could be detrimental to
PROGRAMMATIC ACTION 2A: Improve passage fish species of special concern, such as spring-run
and habitat conditions in Bear Creek by acquiringchinook salmon and steelhead, as well as the
water rights from willing sellers, evaluating theother stoc~ of chinook salmon. Improved fish
removal of diversion dams, or providing alter-passage will allow anadromous fish to reach the
native sources of water during important periods,habitat they require to oversummer or to spawn in

good health, which will increase their chances of
TARGET 3-" Work with landowners, diverters, and successfully spawning.
other state or federal agencies managing Battle
Creek to improve fish passage (4~). LAND USE

I~ROGRAMMATIC ACTION 3A: Develop a cooper- IMPLEMENTATION OBJECTIVE: Promote range-
ative program to upgrade or replace existing fishland management practices and livestock stocking
ladders or evaluate the removal of diversion damslevels to maintain high-quality habitat conditions
andotherimpediments to passage, for wildlife, aquatic, and plant communities;

protect special-status plants and riparian
TARGET 4: Work with landowners and diverters vegetation; maintain shaded riverine aquatic
on Clear Creek to improve fish passage betweenhabitat; and prevent bank erosion.
its mouth and Whiskeytown Dam (~).

TARGET 1: Protect, restore, and maintain
PROGRAMMATIC ACTION 4A: Develop a ecological functions and processes in the Clear,
cooperative program to improve fish passage onCow, Beai, and Battle Creek watersheds by
Clear Creek by upgrading or replacing the fisheliminating conflicts between land Use practices
ladder at McCormick Dam. and watershed health (~,4~).

TARGET 5: Reduce or eliminate conflicts in BattlePROGRAMMATIC ACTION 1A: Work with
Creek that require excluding anadromous fishlandowners, land management agencies, and
from the upper section to protect the Colemanhydropower operators to facilitate watershed
National Fish Hatchery water supply (4~4~4~). protection and restoration and increase the

survival of chinook salmon and steelhead in
Battle, Clear, Bear, and Cow Creeks by
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implementing land use plans that establish,PROGRAMMATIC ACTIONIC: Reduce theharvest
restore, and maintain riparian habitats and createof wild, naturally produced steelhead populations
buffer zones between the creek and developments~ where necessary by marking hatchery-reared fish
or other land use activities, such as livestockand instituting a selective fishery.
grazing.

PROGRAMMATIC ACTION 1D: Evaluate a marking
PROGRAMMATIC ACTION 1B: Develop a cooper- and selective fishery program for chinook salmon.
ative program to install 100,00Oto 150,000 feet of
fencing in the Cow Creek watershed to protect theRATIONALE." Restoring and maintaining
riparian corridor from livestock grazing, populations of chinook salmon and steelhead to

levels that fully take advantage of habitat may
RATIONALE: Land uses in the Nokth Sacramento require restricting harvest during and even after¯
Valley Ecological Zone stress ecosystem the recovery period Involving the various
processes, functions, habitats, and aquatic and stakeholder organizations should help to ensure a
terrestrial organisms. Land uses that may be balanced and fair allocation of available harvest.
harmful include urban and industrial Target population levels may be such that existing
development, land reclamation, water conveyance harvest levels of wild, naturally produced fish
facilities, livestock grazing, and agricultural cannot be sustained For populations supple-
practices. Locally developed comprehensive mented with hatchery fish, selective fisheries may
watershed management plans will provide the be necessary to limit the harvest of wild fish,
most readily usable structure to protect and while hatchery fish are harvested at a level to
restore ecological andresource values consistent reduce their potential to disrupt the genetic
with broad ecosystem restoration, integrity of wild populations.

HARVEST OF FISH AND WILDLIFE ARTIFICIAL PROPAGATION

OF FISH
IMPLEMENTATION OBJECTIVE: The implemen- ..
tation objective is to reduce harvest of wild,IMPLEMENTATION OBJECTIVE: Th~ implemen-
naturally produced Bay-Delta fish populations toration objective for artificial fish propagation is to
protect them and increase their productivereduce the potentially adverse effects of stocking
potential, artificially produced fish throughout Central

Valley rivers and streams. Reducing these effects
TARGET 1: Develop harvest managementwould increase the survival of naturally produced
strategies that allow wild, naturally produced fishfish, contribute to long-term restoration goals, and
spawning populations to attain levels that fullymaintain the genetic diversity of naturally
use existing and restored habitat, and focusproducing populations of chinook salmon and
harvest on hatchery-produced fish (,,,). steelhead.

PROGRAMMATIC ACTION 1A: Control illegal TARGET 1: Minimize the likelihood that hatchery-
harvest by providing increased enforcementreared salmon and steelhead produced in the
efforts. Coleman National Fish Hatchery will stray into

non-natal streams, thereby protecting naturally
PROGRAMMATIC ACTION 1B: Develop harvest produced salmon and steelhead (,,~).
management plans with commercial and recrea-
tional fishery organizations, resource managementPROGRAMMATIC ACTION 1A: Develop a
agencies, and other stakeholders to meet thecooperative program to evaluate the benefits of
target, stocking hatchery-reared salmon and steelhead in

the Sacramento River and Battle Creek. Stocking

~ ~
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may be reduced in years when natural production SPECIES
is high.

CHINOOK SALMON
TARGET 2: Limit hatchery stocking if populations
of salmon or steelhead can be sustained by naturalIMPLEMENTATION OBJECTIVE: The implemen-
production(4~4~4~), tation objective for chinook salmon is to

contribute to the recovery of the Sacramento
PROGRAMMATIC ACTION 2A: Augment popula- winter-run chinook salmon, a species listed as
tions of fall chinook salmon and steelhead onlyendangered under the federal and California
when alternative measures are deemed insuffi-Endangered Species Acts (ESAs). Recovery of
cient to provide recovery of the populations, winter-run chinook salmon would ensure overall

species richness and diversity and reduce conflict
TARGET3: Minimize further threats of hatcherybetween the need for its protection and other
fish contaminating naturally produced stocks ofbeneficial uses of water in the Bay-Delta. The
chinook salmon and steelhead (~,). objective is also to contribute to the restoration of

Sacramento fall-run, spring-run, late-fall-run, and
PROGRAMMATIC ACTION 3A: Adopt methods for San Joaquin fall-run chinook salmon to support
selecting adult spawners for the hatchery from ansport and viable commercial fisheries.
appropriate cross-section of the adult population
available to the hatchery.                              FALL-RUN CHINOOK SALMON

RATIONALE: In watersheds such as the TARGET 1: Maintain the average cohort replace-
Sacramento River andBattle Creek, where dams ment rate of fall-run chinook salmon above 1.0
and habitat degradation have limited natural while the stock is rebuilding. Then maintain a
spawning, hatchery supplementation may be replacement rate equal to or greater than 1.0 when
necessary. This wouM sustain fishery harvest at the stock reaches restoration g.oal levels set by the
former levels and maintain a wiM or naturally regulatory agencies (,~).
spawning population during adverse conditions,
such as droughts. Hatchery augmentation, PROGRAMMATIC ACTION 1A: Actions in the
however, should be limited so as not to inhibit North Sacramento Valley Ecological Zone have
recovery and maintenance of wildpopulations, been designed specifically to restore fall-run
Hatchery-reared salmon and steelhead may chinook and its habitat. This species will directly
directly compete with and prey on wild salmon benefit from previously described actions in this
and steelhead. Hatchery fish may also threaten zone to improve or restore ecological processes
the genetic integrity of wild stocks by inter- and functions that create andmaintain habitat and
breeding with the wildfish. Although irreversible to reduce stressors that adversely affect processes,
contamination of the genetics of wild stocks has habitats, and fall-run chinook salmon directly.
occurred, additional protective measures are These programmatic actions address:
necessary to minimize further degradation of
genetic integrity. Because of the extent of ¯ Central Valley streamflows,
development on the Sacramento River and Battle ¯ natural sediment supply,
Creek, chinook salmon and steelhead stocking ¯ stream channel meander,
may be necessary to rebuild and maintain stocks ~ ¯ riparian and riverine aquatic habitat ....
to sustain sport and commercialfisheries. ¯ water diversions, dams, reservoirs, weirs,

and
¯ gravel mining.
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Additional programmatic actions that willrestoration/recovery goals and will contribute to
contribute to the restoration of fall-run chinookeach agency’s program by restoring critical
salmon are proposed for the Sacramento River,ecologicalprocesses, functions, and habitats, and
Sacramento-San Joaquin Delta,. Suisunreducing or eliminating stressors. ERPP’s
Marsh/North San Francisco Bay, and Yolo Basin approach is to contribute to managing and
Ecological Zones. restoring each stock with the goal of maintaining

cohort replacement rates of much greater than 1.0
RATIONALE: Because of their life-history while the individual stocks are rebuilding to
requirements, typical of all Pacific salmon, desired levels. When the stocks approach the
Central Valley chinook salmon require high- desired population goals, ERPP will contribute to
quality habitats for migration, holding, spawning, maintaining a cohort replacement rate of 1.0.
egg incubation, emergence, rearing, and
emigration to the ocean. These diverse habitats SPRING-RUN CHINOOK SALMON

are still present throughout the Central Valley
and are successfully maintained to varying TARGET 1: Maintain the average cohort replace-
degrees by existing ecological processes. Even ment rate of Sacramento spring-run chinook
though the quality and accessibility of the habitats salmon above 1.0 while the stock is rebuilding.
have been diminished by human-causedactions, Then maintain a replacement rate equal to or
these habitats can be restored This requires a greater than 1.0 when the gtock reaches
comprehensive program that strives to restore or restoration goal levels set by the regulatory
reactivate ecological processes, functions, and agencies (.,I~).
habitat elements on a systematic basis, while
reducing or eliminating known sources of PROGRAMMATIC ACTION 1A: Actions in the
mortality and other stressors that impair chinook North Sacramento Valley Ecological Zone have
salmon survival, been designed specifically to restore spring-run

chinook and its habitat. This species will directly
There are three major programs to restore benefit from previously described actions in this
chinook salmon populations in the Central Valley. zone to improve or restore ecological processes
The Secretary of the lnterior is required by the and functions that create and maintain habitat and
Central Valley Project Improvement Act (PL 102- to reduce stressors that adversely affect processes,
575) to double the natural production of Central habitats, and spring-run chinook salmon directly.
Valley anadromous fish stocks by 2002 (’USFWS These programmatic actions address:
1995). The National Marine Fisheries Service is
required under the federal ESA .to develop and ¯ Central Valley streamflows,
implement a recovery plan for the endangered ¯ natural sediment supply,
winter-run chinook salmon and to restore the ¯ stream channel meander,
stock to levels that will allow its removal from the ¯ riparian and riverine aquatic habitat,
endangered species ~MFS 1996). The DFG water diversions, dams, reservoirs, weirs,list
is required under State legislation (the Salmon, and
Steelhead Trout and Anadromous Fisheries ¯ gravel mining.
Program Act of 1988) to double the numbers of
salmon that were present in the Central Valley in Additional programmatic actions that will
1988 (Reynolds et al. 1993). contribute to the restoration of spring-run chinook

salmon are proposed for the Sacramento River,
Each of the major chinook salmon Sacramento-San Joaquin Delta, Suisun
restoration/recovery programs ~has developed Marsh/North San Francisco Bay, and Yolo Basin
specific goals for Central Valley chinook salmon Ecological Zones.
stocks. ERPP embraces each of the
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RATIONALE: Sprihg-run chinook salmon are a Additional programmatic actions that will
candidate species ~ under the California contribute to the recovery of late-fall-run chinook
Endangered Species Act and considered a salmon are proposed for the Sacramento River,
sensitive species by the U.S. Forest Service. Sacramento-San Joaquin Delta, Suisun
Because of their life history patterns, spring-run . Marsh/North San Francisco Bay, and Yolo Basin
chinook enter the Sacramento River and its Ecological Zones.
tributaries early in the year and ascend to
tibutaries where they oversummer to spawn RATIONALE: Presently, late-fall-run chinook
during the following fall. Youngfish may rear for salmon have no special protection. The great
a year or longe~" in the tributaries before entering majority of late-fall-run chinook appear to spawn
the Sacramento River during their seaward in the mainstem Sacramento River during
migration. January, February and March. Late-fall-run¯

chinook abundance has declined due to passage
Declines in spring-run chinook abundance were problems at Red Bluff Diversion Dam, habitat
likely caused by upstream habitat loss due to loss, poor survival of emigrating smolts, sport and
dams,difficulty in juvenilepassage frominstream commercial harvest, and other factors, such as
flows, diversions, and other causes, such as disease and pollutants.
illegal harvest, drought, and poor ocean
conditions. STEELHEAD

LATE-FALL-RUN CHINOOK SALMON IMPLEMENTATION OBJECTIVE: The implemen-
tation objective for steelhead trout is to achieve

TARGET 1: Maintain the average cohort replace- naturally spawning populations of sufficient size
ment rate of late-fall-run chinook salmon aboveto support inland recreational fishing and fully use
1.0 while the stock is rebuilding. Then maintain aexisting and restored habitat areas. Meeting this
replacement rate equal to or greater than 1.0 whenobjective would contribute to overall species
the stock reaches restoration goal levels set by therichness and diversity and reduce conflict between
regulatory agencies (~,). th’e need for its protection and other beneficial

uses of water in the Bay-Delta.
PROGRAMMATIC ACTION 1A: Actions in the
North Sacramento Valley Ecological Zone haveTARGET 1: Maintain th~ average cohort replace-
been designed specifically to restore late-fall-runment rate of steelhead trout above 1.0 while the
chinook and its habitat. This species will directlystock is rebuilding. Then maintain a replacement
benefit from previously described actions in thisrate equal to or greater than 1.0 when the stock
zone to improve or restore ecological processesreaches restoration goal levels set by . the
and functions that create and maintain habitat andregulatory agencies (,~).
to reduce stressors that adversely affect processes,-
habitats, and late’fall-run chinook salmonPROGRAMMATIC ACTION 1A: Actions in the
directly. These programmatic actions address: North Sacramento Valley Ecological Zone have

been designed specifically to restore steelhead and
¯ Central Valley streamflows, its habitat. This species will directly benefit from
¯ natural sediment supply, previously described actions in this zone to
¯ stream channel meander, improve or restore ecological processes and
¯ natural flood and floodplain processes, functions that create and maintain habitat and to
¯ riparian and riverine aquatic habitat, reduce stressors that adversely affect processes,
¯ water diversions, dams, reservoirs, weirs, habitats, and steelhead directly. These

and programmati.e actions address:
¯ gravel mining.
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¯ Central Valley streamflows, REFERENCES USED TO
¯ natural sediment supp_ly,
¯ stream channel meander, DEVELOP THE VISION FOR THE
¯ riparian and riverine aquatic habitat, NORTH SACRAMENTO VALLEY
¯ water diversions, dams, reservoirs, weirs,

and ECOLOGICAL UNIT
¯ gravel mining. ’

California Department of Fish and Game. 1993.
Additional programmatic actions that will Restoring Central Valley streams: a plan for
Contribute to the recovery of steelhead are action. November.
proposed for the Sacramento River, Sacramento-
San Joaquin Delta, Suisun Marsh/North SanCalifomia DepartmentofWaterResources. 1994.
Francisco Bay, and Yolo Basin Ecological Zones. Use of alternative gravel sources for fishery

restoration and riparian habitat enhancement
RATIONALE: NMFS has identified ~steelhead in Shasta and Tehama counties, California.

in the Central Northern District. August 1.populations Valleyascomposing
single evolutionary significant unit (ESU) based
on a variety of physical and biological data. The Nature Conservancy. 1995. Sacramento
These include thephysicalenvironment (geology, Valley and foothill bioregional biological
soil type, air temperature, precipitation, riverflow scoping project. August.
patterns, water temperature, and vegetation);.
biogeography (marine, estuarine, and freshwater U.S. Fish and Wildlife Service. 1997. Revised
fish distributions); and life history traits (age at draft restoration plan for the anadromous fish
smolting, age at spawning, river entry timing, restoration program: a plan to increase the
spawning timing, and genetic uniqueness), natural production of anadromous fish in the

Central Valley of California. May 30, 1997.
Within the broad context of ecosystem restoration,
steelhead restoration will include a wide variety
of efforts, many of which are being implemented
for other ecological purposes or which are
nonspecific to steelhead trout. For example,
restoration of riparian woodlands along the
Sacramento River between Keswick Dam and
Verona will focus on natural stream meander,
flow, and natural revegetation/successional
processes. These will be extremely important in
providing shaded riverine aquatic habitat, woody
debris, and other necessary habitats required by
lower trophic organisms and juvenile and adult
steelhead populations.

Operation of the water storage and conveyance
systems throughout the Central Valley for their
potential ecological benefits can be one of the
more important elements in restoring a wide
spectrum of ecological resources, including
steelhead trout.
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COTTONWOOD CREEK ECOLOGICAL ZONE i

INTRODUCTION I

The health of the Sacramento-San Joaquin Delta
(Delta) is influenced by the interdependence and
connectivity of the component ecosystem ele-
ments, particularly the 14 ecological zones. The
Cottonwood Creek .Ecological Zone is located
many miles from the Delta, but its status and
health are ultimately reflected in the health of the
Delta. The intermediate zone between the Delta
and Cottonwood Creek is the Sacramento River.
The Sacramento River Ecological Zone and its

respectivehabitats and

i:!~z’~ Creek
fish, wildlife, and

~:~ e¢o,o.~c,~ plant assemblages
+ ~l Zone+~+~?~:’+~:~=:~ d e p e n d o n

~i+~+++:++~~+:++.;~+++
Cottonwood Creek,

¯ ..~:..i~+~ ...... primarily for its

----~"~ "~~’i~i, ~a’: ~:z~:’~ ° abi li ty to supply sedi-                                   role ecologicalas the primary attri buteSsource of Cottonwood of spawning Creek graveliS for its
ments and gravel to

o.+ ++++++ +.~++++:: the Sacramento River. Cottonwood Creek supplies.......... . .....~ the river, but also for
’ its seasonal inflow of

almost 85% of the gravel introduced into the
Sacramento River between Redding and Red Bluff.

water.

Attributes that affect the ecological health of the
])ESCRIPTION OF THE ZONE Cottonwood Creek Ecological Zone include

streamflow, natural sediment supply, gravel
Cottonwood Creek drains an area of 930 squarerecruitment and transport, stream meander, and
miles on the west side of the Central Valley andvegetation succession. Important fish and wildlife
enters the Sacramento River a short distancehabitats include gravel substrate (bottom material)
downstream of the Redding-Anderson area,for invertebrate production and chinook salmon
approximately 16 miles north of Red Bluffand steelhead spawning, riparian scrub and
(Figure 10). One of the outstanding attributes ofwoodlands, and shaded riverine aquatic habitat.
Cottonwood Creek is its status as the largest
tributary not dammed on the west side of theCottonwood Creek has a natural flow pattern of
Sacramento Valley. high winter and low summer and fall flows, which

is typical of many Sacramento Valley streams that
The creek spans a broad elevational range andoriginate in the foothills rather than at higher
functions as an important regional wildlife corri-elevations in the Cascade or Sierra Nevada
dor" and neotropical bird habitat. Well-developedmountain ranges. In summer and fall months of
montane, foothill, and valley riparian forests arelow rainfall years, flows average 40 to 80 cubic
found throughout the Cottonwood Creekfeet per second [cfs]). In the wettest years, flows in
Ecological Zone, and these forests have goodwinter average 5,000 to 11,000 cfs. In winter
connectivity with the Sacramento Rivermonths of dry years, average monthly flows reach
Ecological Zone. One of the most important
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only 400 to 800 cfs. In the driest years, average3,000 tons of panicles above one-half inch in
winter monthly flows reach only 50 to 150 cfs. diameter.

Streamflow in Crowley Gulch, a tributary to ~More is known about the hydrology and sediment
lower Cottonwood Creek, is intermittentlytransport process of Cottonwood Creek than about
augmented by the release of water from a wastethat of other streams in the northern Sacramento
gate on the Anderson-Cottonwood IrrigationValley because of studies conducted for the
District (ACID) canal. Waste gate releases duringconstruction of several dams and environmental
fall have attracted chinook salmon into an areaimpact reports for gravel mining projects. Bankfull
where they became stranded and subsequentlydischarge (i.e., with the creek full to the tops of its
died without having spawned. This problem hasbanks) has been estimated at 20,000 cfs with a
been eliminated by operational changes by ACIDreturn interval of 1.8 years. The creek has a wide
personnel, meander belt and a braided channel with perennial

flow. The active channel width at low flow ranges
from 50 to 150 feet but reaches more than 1,500

Historical Monthly Average Flow feet bankfull Theat discharge. channelbanksare
mostly sand, gravel, and cobbles. The width of the
floodplain varies, but it is generally wider and
more poorly defined downstream. Sinuosity values
(i.e., the ratio of creek length to the linear distance
over which, the creek travels) for Cottonwood
Creek are low, ranging from 1.04 to 1.47. The low
degree of sinuosity is attributable primarily to the
high gravel and low silt and clay content of the
bank material. The main channel tends to change

J F M A M .I J A S O N D
course during large floods, resulting in a fairly
wide belt of distributary channels and abandoned

[] NormalYear [] D~Year Stream courses.

Historical Streamflow of Cottonwood Creek, 1952-1992
(Dry year is the 20th percentile year; normal year is the 50th Some of the fish, wildlife, and plant resources

percentile year.) dependent on the ecological health of Cottonwood
Creek are fail-run, late-fall-run, and spring-run

The estimated mean annual suspended sedimentchinook salmon and steelhead trout. Although
load transported from the Cottonwood Creeknorthern spotted owls, northwestern pond turtles,
basin is second only to that of Cache Creek in theand foothill yellow-legged frogs in the South Fork
Sacramento River basin below Shasta Dam. Thewill benefit from proposed restoration actions,
U.S. Army Corps of Engineers estimates that, ofthese species are not a direct focus of actions in the
the total average annual gravel load transported byCottonwood Creek Ecological Zone.
Cottonwood Creek, particles greater than
2.0 millimeters in diameter total approximatelyThe use of Cottonwood Creek by chinook salmon
19,000 tons per year. This amount is consistentand steelhead trout is determined by the timing of
with the average annual bedload of approximatelyrainfall. In years when storms arrive late in the
65,000 tons estimated by the U.S. Geologicalseason, the migration of salmon and steelhead is
Survey. The California Department of Waterdelayed. In some years, early rainfall allows
Resources estimatedthatgravelminingpresentlysalmon to enter the creek and spawn, but
reduces potential sand and gravel contributions tosubsequent low winter and spring flows limit the
the Sacramento River by about 60%, resulting inproduction of young salmon.
a calculated bedload of 20,000 tons per year, with
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¯ The average annual return of fall-run salmon isareas need an opportunity to regenerate~ and
approximately 1,000 to 1,500 adults but hasexisting riparian forest needs protection.
ranged from a few hundred to more than
8,000 fish. The return of late-fall-run salmon isWater conveyance structures in the lower sections
much smaller, consisting of fewer than 500 fishof Cottonwood Creek impair the upstream passage
each year. The late-fall-run salmon enterof adultchinooksalmonandsteelhead. Restoring
Cottonwood Creek and spawn in the main stemnatural sediment supply can alleviate these prob-
and lower reaches of the North, Middle, and Southlems over time and permit unobstructed access to
Forks of the creek, important aquatic habitats.

Salmon spawning gravel habitat in the lowerExtensive gravel mining in Cottonwood Creek has
reaches of Cottonwood Creek has been degraded,damaged spawning habitat and significantly
Some areas are covered entirely with sand andreduced gravel recruitment to the Sacramento
silt, and others are compacted with sediments orRiver. In addition, gravel mining creates passage
have become armored. Silt in Cottonwood Creekand stranding problems for fish by allowing the
is derived from many sources; some of thesecreek to spread over the large extraction area.
sources are natural, but most are a result of

. undesirable land use practices, including timberDuring spring, low flows and high water temp-
harvesting and road-building activities on privateeratures may impede or prevent the upstream
and public land in the upper watershed. Over-migration of adult spring-run chinook salmon to
grazing, wildfires, extensive land clearing in thesummer holding areas.
foothill and valley areas, and discharges of
decomposed granite from Rainbow Dam are alsoThe Cottonwood Creek Ecological Zone includes
sources of sediment, two ecological units: the Upper Cottonwood Creek

Ecological Unit and the Lower Cottonwood Creek
Streamflow,natural sediment supply, and streamFan Ecological Unit.
meander are closely linked. Together, these
processes support and promote the regeneration of DESCRIPTIONS OF ECOLOGICAL
healthy riparian and riverine plant communities. UNITS
Important restoration components include pro-
tecting the floodplain and existing stream
meander characteristics of Cottonwood Creek. UPPER COTTONWOOD CREEK

Important functions of the upper-watershed ofThe Upper Cottonwood Creek Ecological Unit

Cottonwood Creek are to moderate streamflowsprovides the streamflow and gravel needed to

resulting from storm events and to provide highmaintain the overall ecological health Of lower

quality water to the Sacramento River and Delta.Cottonwood Creek and the Sacramento River.

Erosion from timber harvest, road building, andImportant stream reaches in the Upper Cottonwood

the adverse affects of grazing practices diminishCreek Ecological Unit include the South and North

the watershed’s ability to moderate flows andForks of Cottonwood Creek, Beegum Creek, and

provide high quality water. The potential forthe mainstem reach of Cottonwood Creek above

catastrophic wildfire can be reduced by fuelthe confluence with the South Fork. The Upper

management programs. Cottonwood Creek Ecological Unit can sustain
important migration, holding, spawning, rearing,

Cottonwood Creek has an extensive riparian andand emigration habitats for fish and wildlife

riverine aquatic plant community that can bespecies if streamflows are maintained and

enhanced by improved land management andwatersheds are rehabilitated.

maintenance of natural sediment supply. Denuded
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The South Fork of Cottonwood Creek contains Salmon spawning areas in the lower reaches of
good to outstanding riparian vegetation in theCottonwood Creek have been degraded. Some
foothills and l’ower stretches. Spring-run chinookareas are entirely covered with sand and silt, and
salmon and steelhead trout can migrate to theothers are compacted with sediments or have
headwaters of the South Fork, using Maple Gulchbecome armored during floodflows. Sedimentation
as their principal holding area. The length of thebinds the gravel together, which prevents salmon
stream system below natural fish barriers is 130from creating redds (salmon spawning nests); it
linear miles, which includes the three main forksalso reduces intergravel oxygen transport, so eggs
of the creek and Beegum Creek. deposited in the gravel do not survive. Armoring

results when gravel is washed away during floods,
Spring-run chinook salmon enter Cottonwoodleaving rocks and boulders too large for salmon to
Creek and migrate to the headwaters of the Southmove during spawning.
hnd Middle Forks during April, May, and June. "
The two principal holding areas are the SouthGravel has been mined in the lower Cottonwood
Fork above Maple Gulch and Beegum Creek, aCreek fan for many years. Gravel extraction
tributary to the Middle Fork. During sPring ofdamages spawning areas in the creek and reduces
drier years, low flows and high water temp-the recruitment of spawning gravel to the
eratures may impede or prevent the upstreamSacramento River. Two major instream gravel
migration of adult spring-run salmon to summerextraction projects in Cottonwood Creekoperate
holding areas. There are no recent estimates ofbelow the Interstate 5 bridge, and additional gravel
spring-run chinook populations; however, historic-extraction projects are being planned.
runs averaged approximately 500 salmon.

VISION FOR THE ECOLOGICAL
Steelhead trout enter Cottonwood Creek during
late fall and early winter and spawn during winter ZONE
and spring. The upper reaches of the Middle Fork,
Beegum Creek, and the South Fork provideThe vision for the Cottonwood Creek Ecological
spawning and nursery areas. There are no recentZone (Figure 10) is to restore important ecological
estimates of steelhead populations forprocesses to a healthy condition, including stream-
Cottonwood Creek. The creek also supportsflow, natural sediment supply, natural floodplain
resident rainbow trout and brown trout in theand flood processes, and riparian forest and
upper tributaries, riverine aquatic habitats. In addition, ERPP

proposes to reduce or eliminate to the extent
LOWER COTTONWOOD CREEK ° necessary stressors that impair ecological

processes, including gravel mining operations,
The Lower Cottonwood Creek Ecological Unit structures that inhibit chinook salmon and steel-
can provide important spawning areas for fall- andhead trout migrations, and land use activities (e.g.,

salmom water diversions, logging, and grazing).late-fall-runchinook TheERPPenvisions
that Cottonwood Creek can resume its role in ."
supporting the ecological processes that haveERPP projects that Cottonwood Creek will provide
shaped the Sacramento River. Gravel transportincremental benefits to the overall objective of
through lower Cottonwood Creek is a significantrestoring and maintaining important aquatic
function. Sufficient streamflows are needed tospecies, such as chinook salmon and steel head
provide sediment transport and gravel cleansing,trout, in Cottonwood Creek and in the Sacramento
A long-term effort will be implemented to restoreRiver. ERPP also projects that the Cottonwood
and maintain plant communities along the creek.Creek Ecological Zone will support sustainable

populations of fall-, late-fall-, and spring-run
chinook salmon and steelhead trout after natural
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.sediment supply and gravel recruitment,mining activities in the Cottonwood Creek stream
cleansing, and transport processes are reactivated;corridor.
gravel spawning and riparian habitats are restored;
and the adverse effects of upper watershedInstream gravel extraction should be managed to
diversions, logging, and grazing are reduced, protect salmon spawning and rearing habitat.

Implementing such management would result in
VISION ~’OR ECOLOGICAL UNITS immediate benefits to salmon in Cottonwood Creek

and the Sacramento River. Spawning gravel is a

VISION FOR UPPER COTTONWOOD CREEK finite resource in the Sacramento River system, and
Cottonwood Creek contains one of the most

The vision for the Upper Cottonwood Creek important reserves.

Ecological Unit is to restore gravel recruitment,
cleansing, and transport. This would improve VISIONS FOR
habitat for chinook salmon, steelhead trout, and ECOLOGICAL PROCESSES
other native fishes, wildlife populations, and
riparian and riverine plant communities through CENTRAL VALLEY STREAMFLOWS
improved land use and forest management
practices. Streamflows shape the stream channels, support

riparian vegetation, and transport nutrients and
The Cottonwood Creek watershed is a high-valuesediments. The vision for streamflows in
area, both because it is a distinct ecological unitCottonwood Creek is to emulate the natural runoff
and because of its linkage with the Sacramentopattern with a late-summer or early fall flow event.
River Ecological Zone. Restoring and maintaining
ecological processes and functions related to

NATURAL SEDIMENT SUPPLY
streamflow, sediment supply, gravel recruitment,
cleansing, and transport, and the creation andNatural sediments are abundant in Cottonwood
maintenance of habitats can best be achieved byCreek; however, gravel recruitment has diminished
developing and implementing a local watershedbecause of extensive mining activities. The vision
management plan. ERPP supports the creation ofis that restoring natural gravel recruitment and
a watershed management plan by a localsediment transport processes will contribute to
watershed conservancy or planning agency. Thismaintaining important habitat substrates and
planning effort would evaluate and developecological processes in Cottonwood Creek and the
recommendations for timber harvesting, land use,Sacramento River.
fire and fire suppression, and the management of
oak woodland habitats to reduce erosion, maintain STREAM MEANDER
riparian zones, and provide for more sustained
runoff patterns. In unimpaired systems, streams meander within

their historic floodplains. This meander contributes
VISION FOR LOWER sediments for transport and deposition, rejuvenates

COTTONWOOD CREEK riparian succession, and creates new habitats for
fish and other aquatic species. The vision is that a

The vision for the Lower Cottonwood Creeknatural stream meander process will provide much
Ecological Unit is to restore, reactivate, andof the habitat needed to support healthy riparian
maintain natural sediment supply, floodplain andsystems, wildlife, and aquatic species.
flood processes, gravel recruitment, and stream
meander. The vision also includes reducing
stressors on these processes, including gravel
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NATURAL FLOODPLAIN AND FLOOD VISION FOR REDUCING OR
PROCESSES ELIMINATING STRESSORS

Natural sediment supply, stream meander, and GRAVEL MINING
floodplain and flood processes are closely
interrelated. The vision is that all three of these Cottonwood Creek isNaturalsedimentsupplyin
processes will moderate channel incision andadversely affected by gravel mining. This lack of
scour by providing areas for bank overflow,instream sediments affects stream channel
contribute to species diversity by creatingmorpho!ogy, stream meander, and riparian
landforms that suppo~ different communitysystems. The vision for Cottonwood Creek is that
structure, provide low-velocity refuge for fish andgravel mining activities will be relocated to areas
other aquatic organisms during floods, outside the active stream channel.

UPPER WATERSHED PROCESSES                VISIONS FOR SPECIES

Healthy watersheds provide for quality forest
lands, grasslands, and riparian systems. Healthy CHINOOK SALMON

watersheds also store water that later contributes
to base flows in late summer. Tlie vision is thatThe fall-, spring-, and late-fall-runs of chinook

management and restoration of the uppersalmon depend on Cottonwood Creek’s stream-

Cottonwood Creek watershed will be guided by aflow, natural sediment supply, and riverine aquatic

watershed and restoration that habitats. The vision is that Cottonwood Creek willplanning program
has broad support from local interests, land-provide for sustainable chinooksalmon

owners, and state and federal agencies, populations.

VISIONS FOR HABITATS                       STEELHEAD

Steelhead use Cottonwood Creek and will benefit
RIPARIAN AND RIVERINE AQUATIC from many of the actions that will improve

HABITATS conditions for chinook salmon. The vision is that
Cottonwood Creek will support a sustainable

Health riparian habitat provides a migratorysteelheadpopulation.
corridor for terrestrial species that connects low
and higher elevation habitats. Shaded riverine
aquatic habitat provides shade, contributes to INTEGRATION WITH OTHER
moderating stream temperatures, and provides RESTORATION PROGRAMS
woody debris, which juvenile fish use as escape
and resting cover. The vision is that CottonwoodMaintaining and restoring the ecological health of
Creek will support healthy riparian, shadedthe Cottonwood Creek Ecological Zone and its
riverine aquatic and woody debris habitats, whichrespective ecological units will depend primarily
in turn will support improved aquatic-specieson cooperative endeavors to locate alternative
survival, sources of water in the upper watershed and to

eliminate gravel extraction operations .in the lower
creek.
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WATERSHED MAI~AGEMENTPLANNING anadromous fish in Central Valley rivers and
streams to not less that twice the average levels

Restoration of this ecological zone requirespresent from 1967to 1991.
developing and implementing a comprehensive
watershed management program for the upper andThe U.S. Fish and Wildlife Service (USFWS) and
lower areas. Eliminating gravel extraction opera-the Bureau of Reclamation (Reclamation) are
tions will increase the delivery of sediments to theimplementing the CVPIA, which provides for
Sacramento River, improve upstream fishrestoring habitats and species and eliminating
passage, improve spawning habitat for chinookmany stressors. Key elements of the CVpIA
salmon using the lower reach, and allow forprogram include the Anadromous Fish Restoration
restoring a riparian corridor and a clearly definedProgram (USFWS 1995) and the Anadromous Fish
stream channel. Improved watershed managementScreening Program. Other elements are directed at
in the upper watershed will protect streamflow,spawning gravel replenishment on the Sacramento
gravel sources, spawning and rearing habitat ofRiver below Keswick Dam, water acquisition, and
salmon and steelhead, and wildlife habitats, other measures that will contribute to health of the

Cottonwood Creek, Sacramento River and
AGGREGATE RESOURCE MANAGEMENT Sacramento-San Joaquin Delta Ecological Zones.

’ PLAN
SALMON~, STEELHEAD TROUT AND

In attaining the vision for the Cottonwood Creek ANADROMOUS FISHERIES PROGRAM ACT
Ecological Zone, ERPP encourages gravel
operators and the local counties to cooperativelyEstablished in 1988 by Senate Bill 2261, this Act
develop and implement an aggregate resourcedirects the California Department of Fish and
management plan (ARMP). Potential measures inGame (DFG) to implement measures to double the
a county wide ARMP would include recommen-numbers of salmon and steelhead present in the
dations or requirements for: Central Valley (DFG 1993, 1996). The DFG’s

salmon and steelhead restoration program includes
¯ limiting instream extraction to less than thecooperative efforts with local governments and

sustained yield of the system while providingprivate landowners to identify problem areas and to
sediment input to the Sacramento River, assist in obtaining funding for feasibility studies,

environmentalpermitting,andprojectconstruction.
¯ implementing measures to prevent channel

incision, such as installing stream grade LINKAGE TO OTHER
control structures, and

ECOLOGICAL ZONES
¯ revegetating all permanently exposed land

that has been denuded by mining operations.Cottonwood Creek can support larger populations
of fall-, late-fall-, and spring-run chinook salmon

CENTRAL VALLEY PROJECT and steelhead trout, but there are many stressors
IMPROVEMENT ACT outside the Cottonwood Creek Ecological Zone

that impair or reduce the survival of adult and

The Central Valley Project Improvement Actjuvenile chinook and steelhead. Restoration efforts

(CVPIA) added "mitigation, protection andin theSaeramentoRiver, Sacramento-SanJoaquin

restoration of fish and wildlife" as a purpose ofDelta, and Suisun Marsh]San Francisco Bay
the Central Valley Project. It required the imple-Ecological Zones will all contribute to improved

mentation of a program that makes all reasonablereturns of adult fish.

efforts to increase the natural production of

~ ~
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In addition, the gravel recruitment, cleansing, andand spawning in most year types by providing up
transport functions of Cottonwood Creek areto 20 to 50 cfs. These flows can mobilize and
critical to maintaining the long-term ecological~transport sediments, allow upstream and down-
health of the Sacramento River Ecological Zonestream fish passage, create point bars, and
and the fish, wildlife, and plant resources that itcontribute to stream channel meander and riparian
supports, vegetation succession (.).

IMPLEMENTATION OBJECTIVES~ PROGRAMMATIC ACTION 1A: Augment summer
and fall flow in Cottonwood Creek by purchasing

TARGETS~AND PROGRAMMATIC water from willing sellers and developing
ACTIONS alternative supplies.

Targets developed for the Cottonwood CreekP~ATIONALE: The streams in the Cottonwood Creek

Ecological Zone can be classified by theirEcological Zone provide extremely valuable

reliability in contributing to attainment of thehabitat for spring-run chinook salmon and

implementation objectives. The target steelhead trout and for fall-run chinook salmon in

classification system used in the following sectionsome years. One of the key attributes of streamflow

is as follows: in this ecological zone is to provide for successful
upstream passage of adult fish and fish spawning.

Class ’ Description In some years, flows are insufficient to provide fish

¯ Target for which additional research,passage or recede too quickly afterfish spawn and

demonstration, expose or dewater redds containing incubating
and evaluationisneededto

determine feasibility or ecosystem re.spouse,eggs or sac fry. In addition, flow in Cottonwood
Creek is the power that drives many ecological

¯ ~ Target which will be implemented in stagesfunctions and processes linked to stream channel
With the appropriate monitoring to judge morphology, sediment transport and gravel

benefit and success, recruitment, riparian communities, and fish
habitat.

0,~, Target that has sufficient certainty of success
to justify full implementation in accordanceInstream flow needs on Cottonwood Creek should
with adaptive management, program prioritybe subject to focused research to determine if the
setting, and phasedimplementation, proposed flow increase of 20 to 50 cfs is

appropriate.
ECOLOGICAL PROCESSES

NATURAL SEDIMENT SUPPLY

CENTRAL VALLEY STREAMFLOWS
IMPLEMENTATION OBJECTIVE: The implemen-
tation objective for natural sediment supply is toIMPLEMENTATIONOBJECTIVE: Theimplemen-

tation objective for Central Valley streamflows isestablish sufficient quantities to riverine and
to restore basic hydraulic conditions to reactivateestuarine systems to restore or reactivate stream
and maintain that create and channel meander and point bar formation, provideecologicalprocesses
sustain habitat required for healthy fish, wildlife,~ediments to rebuild wetlands and shallow-water
and plant populations, habitats, and provide for nutrient transport.

TARGET 1: During summer and fall, more closelyTARGET 1: Maintain existing levels 0f erosion and

emulate the seasonal streamflow pattern, so thatgravel recruitment in streams in the Cottonwood

flows are sufficient for chinook .salmon holdingCreek Ecological Zone, and provide for increasing
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the transport ~fthese sediments to the SacramentoGravel. transport is the process whereby flows
River by an average of30,000 to 40,000 tons percarry away finer sediments that fill gravel
year (~.)." interstices (i.e., spaces between cobbles). Gravel

cleansing is the process whereby flows transport,
PROGRAMMATIC ACTION 1A: Cooperatively grade, and scour gravel. Gravel transport and
develop and implement a gravel managementcleansing by flushing most of the fines and the
program for Cottonwood Creek. The program movement ofbedload (the load of material carried
would protect and maintain important ecologicaldownstream in the streambed by flow) are impor-
processes and functions related to sedimenttant to maintaining the amount and distribution of
supply, gravel recruitment, and gravel cleansingspawning habitat in the Cottonwood Creek basin.
and transport. This would involve working withAlthough these processes have been greatly
state and local agencies and gravel operators toreduced or altered as a result of human activities,
protect spawning gravel and enhance recruitmentthey can be restored and maintained by changing
of spawning gravel to the Sacramento River in thewater flow and sediment supplies, removing
valley sections of Cottonwood Creek. stressors, or directly manipulating channel fea-

tures and stream vegetation. Gravel deposits in the
PROGRAMMATIC ACTION 1B: Cooperate with the lower South Fork and in the mainstem below the
aggregate resource industry to relocate existingSouth Fork have been adversely affected by
gravel operations on Cottonwood Creek to areassedimentation from upstream sources in the
outside of the active stream channel, watershed. Mechanical means will be used

infrequently to free excessive quantities of fine
TARGET 2: Repair and rehabilitate spawningsediments from the gravel substrates until
gravels in 10 to 20 miles of the lower South Forkupstream sources of sediment have been reduced
and mainstem of Cottonwood Creek (,~0,). or eliminated through watershed management and

restoration.
PROGRAMMATIC ACTION 2A." In the short term,
develop a cooperative program to rip and clean or STREAM MEANDER
reconstruct important salmon spawning riffles on
the South Fork Cottonwood Creek and on lower IMPLEMENTATION OBJECTIVE’. The implemen-
Cottonwood Creek below the South Fork. tation objective for stream meander is to maintain,

improve, or restore natural stream meander
RATIONALE: Gravel deposits in the lower South processes to allow the natural recruitment of
Fork and in the mainstem below the South Fork sediments, create habitats, and promote riparian
are essential to maintaining spawning and rear- succession.
ing habitats of spring-run and fall-run chinook
salmon, steelhead trout, and other native fishes. TARGET 1: Preserve or restore the 50- to 100-year
Historically, Cottonwood Creek was one of the floodplain and existing channel meander charac-
most important sources of gravel to the teristics of streams in the Cottonwood Creek
Sacramento River. Since Shasta Dam was Ecological Zone, particularly in low-gradient areas
completed in the 1940s, Cottonwood Creek has throughout the lower 20 miles where most
become the single largest contributor of sedi- deposition occurs and where stream channel
ments. Improving and maintaining sediment meander is most pronounced (~).
sources and transport capabilities of this stream
are essential components necessary to restore andPROGRAMMATIC ACTION 1A: Cooperatively
maintain the ecological health of the Sacramento evaluate reestablishing the floodplain along the
River. lower reach of Cottonwood Creek, and evaluate
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constructing setback levees to reactivate channelincrease floodplaininteractions on lower
meander in areas presently confined by levees.Cottonwood Creek.

PROGRAMMATIC ACTION 1B: In the short term, PROGRAMMATIC ACTION 1B: Minimize adverse
develop a cooperative program to mechanicallyeffects of permanent structures such as bridges on
create a more defined stream channel in lowerfloodplain processes.
Cottonwood Creek. This would facilitate fish
passage by minimizing water infiltration throughRATIONALE: Natural functioning floodplain
the streambed and maintaining flow connectivityprocesses on Cottonwood Creek are equally
with the Sacramento River until natural meander ¯important with stream meander and natural
returns, sediment supply. A conceptual model of these

interactions needs to be developed to further
RATIONALE: Stream meander belts are the area in understand the dynamic structure of Cottonwood
which natural bank erosion and floodplain and Creek and to allow the design and implementation
sediment bar accretions occur along stream of future actions to protect and restore these
courses. Natural stream meander in Cottonwood important ecological functions.
Creek functions dynamically to transport and
deposit sediments and provide transient habitats UPPER WATERSHED PROCESSES
important to algae, aquatic invertebrates, and
fish. Meander also creates surfaces that are IMPLEMENTATION OBJECTIVE: The implemen-
colonized by natural vegetation that support tation objective for upper watershed health and
wildlife. Cottonwood Creek is a nondammed function is to restore ecological processes in the
tributary and a significant source of sediment to upper watersheds. These would maintain and
the Sacramento River. To maintain the creek’s improve the quality and quantity of water flowing
natural stream channel and fluvial dynamic into the tributaries and rivers of the Sacramento-
processes and to provide long-term resilience for San Joaquin Delta and San Francisco Bay.
its watershed and stream channel processes in the
Sacramento River, Cottonwood Creek should be TARGET 1: Restore upper watershed processes
fully restored and protected.

NATURAL FLOODPLAINS AND FLOOD PROGRAMMATIC ACTION 1A: Reduce excessive
PROCESSES fire fuel loads in upper watersheds.

IMPLEMENTATION OBJECTIVE: The PROGRAMMATIC ACTION 1B: Improve forestry
implementation objective for natural floodplainsmanagement practices, including timber harvest,
and flood processes is to modify channel androad building and maintenance, and livestock
basin configurations in order to improvegrazing practices.
floodplain .function along Central Valley rivers
and the Bay-Delta. PROGRAMMATIC ACTION 1C: Cooperatively

evaluate the development of a watershed
TARGET 1: tO management that could contribute toDevelopa cooperativeprogram program
identify opportunities to allow Cottonwood Creekimproved runoff.patterns in the Upper Cottonwood
to seasonally inundate its floodplain. Creek Ecological Unit.

PROGRAMMATIC ACTION 1A: Conduct a TARGET 2: Protect, restore, and maintain the
feasibility study to determine means by which toCottonwood Creek watershed by eliminating
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conflict between land use practices and watershedriparian Vegetation corridors to provide shaded
health (,~,). riverine aquatic cover for anadromous and other

fish species and high-quality habitat for associated
PROGRAMMATIC ACTION 2A: Cooperatively special-status plant and animal species and other
work with landowners and federal land manage-wildlife.
ment agencies to facilitate watershed protection
and restoration and reduce siltation to improveTARGET 1: Develop a cooperative program to
holding, spawning, and rearing habitats forestablish a continuous 130-mile riparian habitat
salmonids, zone along upper and lower Cottonwood Creek and

its tributaries through conservation easements, fee
PROGRAMMATIC ACTION 2B: Develop a acquisition, or voluntary landowner measures
cooperative program to implement improved(~,~).
fencing, grazing, and other land management
practices on private and national forest lands, and’PROGRAMMATIC ACTION 1A: Develop a
encourage local counties to adopt stronger gradingcooperative program to establish, restore, and
androad building ordinances to control erosion,maintain riparian habitat on Cottonwood Creek

through conservation easements, fee acquisition, or
I~ATIONALF.: Resolving conflicts regarding land voluntary landowner cooperation.
use in the Cottonwood Creek Ecological Zone
must stress ecosystem processes and functions, ’PROGRAMMATIC ACTION 1B: Encourage the
habitats, and aquatic and terrestrial organisms, development~ of long-term measures in the
Land use activities that may be harmful include comprehensive watershed management plan to
urban and industrial development, land reclama- further improve water temperatures. Develop a
tion, water conveyance facilities, livestock graz- cooperative approach with counties and local
ing, and agriculturalp~actices, agencies to implement land use management to

protect riparian vegetation along the streams.
Improved watershed processes will maintain and Develop programs to restore lost riparian
restore seasonal water runoff patterns, water vegetation.
yield, and water quality and reduce sediment load
to downstream storage reservoirs (reducing PROGRAMMATIC ACTION 1C: Cooperatively
storage capacity and improving water quality), negotiate long-term agreements with local
Healthier watersheds will also provide ancillary landowners to maintain and restore riparian corn-
benefits to upper watershed habitats and species, munities along the lower reaches of Cottonwood

Creek.
I-IABITATS

RATIONALE: Many species of wildlife in the

RIPARIAN AND RIVERINE AQUATIC Cottonwood Creek watershed depend on or are

HABITATS closely associated with riparian habitats. Of all the
habitat types in California, riparian habitats

IMPLEMENTATION OBJECTIVE: The implemen- support the greatest diversity of wildlife species.
Degradation and loss of riparian habitat have

tation objective for riparian (waterside) andsubstantially reducedthehabitatareaavailableforriverine (of rivers) aquatic habitats is to restoreassociated wildlife species. Loss of this habitat has
riparian scrub, woodland, and forest habitat along
largely nonvegetated riprapped banks of Delta

reduced water storage, nutrient cycling, and

island levees, the Sacramento and San Joaquin
foodweb support functions.

Rivers, and major tributaries of the Sacramento
and San Joaquin Rivers. The purpose is to create
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REDUCING OR ELIMINATING PROGRAMMATIC ACTION 1A: Actions in the

STRESSORS Cottonwood Creek Ecological Zone have been
designed specifically to restore fall-run chinook
and their habitat. This species will directly benefit

GRAVEL MINING                  from previously described actions in this zone to
improve or restore ecological processes and

IMPLEMENTATION OBJECTIVE: The implemen- functions that create and maintain habitat and to
tation objective is to reduce the adverse effects ofreduce stressors that adversely affect processes,
instream gravel mining to improve gravelhabitats, and fall-run chinook salmon directly.

These programmatic actions address:recruitment,cleansing~andtransport.

TARGET 1: Refer to targets for natural sediment̄ Central Valley streamflows,
supply (,,~). ¯ natural sediment supply,

¯ stream channel meander,
PROGRAMMATIC ACTION: Actions to remediate ¯ riparian and riverine aquatic habitat,
adverse affects of gravel mining are presented in̄ water diversions, dams, reservoirs, weirs,
the programmatic actions associated with natural and    "
sediment supply. ¯ gravel mining.

SPECIES Additional programmatic actions that will contri-
bute to the restoration of fall-run chinook salmon

CHINOOK SALMON are proposed for the Sacramento River,
Sacramento-San Joaquin Delta, Suisun

IMPLEMENTATION OBJECTIVE’- The implementa- Marsh/North san Francisco Bay, and Yolo Basin
tion objective for chinook salmon as it pertains toEcological Zones.
the Cottonwood Creek Ecological Zone is to
contribute to the recovery of the SacramentoRATIONALE." Because of their life-history
winter-run chinook salmon, a species listed asrequirements, typical ofallPacific salmon, Central
endangered under the federal and CaliforniaValley chinook salmon require high-quality
Endangered Species Acts (ESAs). Winter-runhabitats for migration, holding, spawning, egg
chinook salmon recovery would ensure overallincubation, emergence, rearing, and emigration to

richness and and reduce conflict These diverse habitatsspecies diversity theocean. arestill present
between the need for its protection and otherthroughoat the Central Valley and are successfully
beneficial uses of water in the Bay-Delta. Themaintained to varying degrees by existing
objective is also to contribute to the restoration ofecologicalprocesses. Even though the quality and
Sacramento fall-run, spring-run, and late-fall-runaccessibility of the habitats have been diminished
chinook salmon to support sport and commercialby human-caused actions, these habitats can be
fisheries, restored through a comprehensive program that

strives to restore or reactivate ecological
FALL-RUN CHINOOK SALMON processes, functions, and habitat elements on a

systematic basis, while reducing or eliminating
TARGET 1: Maintain the average cohort replace-known sources of mortality and other stressors that
ment rate of fall-run chinook salmon above 1.0impair the survival of chinook salmon.
while the stock is rebuilding. Then maintain a
replacement~ rate equal to or greater than 1.0 whenThere are three major programs to restore chinook
the stock reaches restoration goal levels set by thesalmon populations in the Central Valley. The
regulatory agencies (,~). Secretary of the lnterior is required by the Central
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Valley Project Improvement Act (PL 102-575) to zone to improve or restore ecological processes
double the naturalproduction of Central Valley and functions that create and maintain habitat and
anadromousfish stocks by 2002 (USFWS 1995). to reduce stressors that adversely affect processes,
The National Marine Fisheries Service (NMFS) is habitats, and spring-run chinook salmon directly.
required under the federal ESA to develop and These programmatic actions address:
implement a recovery plan for the endangered
winter-run chinook salmon and to restore the ¯ Cen~al Valley streamflows,
stock to levels that will allow its removal from the ¯ natural sediment supply,
endangered species list (NMFS 1996). The ¯ stream channelmeander,
California Department ofFish and Game (DFG) ¯ riparian and riverine aquatic habitat,
is required under state legislation (the Salmon, ¯ water diversions, dams, reservoirs, weirs,
Steelhead Trout and Anadromous Fisheries and
Program Act of 1988) to double the numbers of ¯ gravel mining.
salmon that were present in the Central Valley in
1988 (Reynolds et al. 1993). Additional programmatic actions that will

contribute to the restoration of spring-run chinook
Each of the major chinook salmon restora- salmon are proposed for the Sacramento River,
tion/recovery programs has developed specific Sacramento-San Joaquin Delta, Suisun Marsh/
goals for Central Valley chinooksalmonstocks. North San Francisco Bay, and Yolo Basin
ERPP embraces each of the restoration/recovery Ecological Zones.
goals and will contribute to each agency’s
program by restoring critical ecological RATIONALE: Spring-run chinook salmon are a
processes, functions, and habitats, and reducing candidate species under the California Endangered
or eliminating stressors. ERPP’s approach is to Species Act and considered a sensitive species by
contribute to managing and restoring each stock the U.S. Forest Service. Because of their life
with the goal of maintaining cohort replacement history patterns, spring-run chinook enter the
rates of much greater than 1.0 while the indivi- Sacramento River and its tributaries early in the
dual stocks are rebuilding to desired levels. When year and ascend to tibutaries where they
the stocks approach the desired population goals, oversummer to spawn during the following fall.
ERPP will contribute to maintaining a cohort Young fish may rear for a year or longer in the
replacement rate of 1. O. tributaries before entering the Sacramento Rive’r

during their seaward migration.
SPRiNG-RUN CHINOOK SALMON

Declines in spring-run chinook abundance were
TARGET 1: Maintain the average cohort likely caused by upstream habitat loss due to dams,
replacement rate of Sacramento spring-rundifficulty injuvenile passage due to instream flows,
chinook salmon above 1.0 while the stock isand other causes, such as illegal harvest, drought,
rebuilding. Then maintain a replacement rateandpoor ocean conditions.
equal to or greater than 1.0 when the stock

’ reaches restoration goal levels set by the LATE-FALL-RUN CHINOOK SALMON
regulatory agencies (@.).

TARGET 1: Maintain the average cohort
PROGRAMMATIC ACTION 1A: Actions in the replacement rate of late-fall-run chinook salmon
Cottonwood Creek Ecological Zone have beenabove 1.0 while the stock is rebuilding. Then
designed specifically to restore spring-runmaintain a replacement rate equal to or greater than
chinook and its habitat. This species will directly1.0 when the stock reaches restoration goal levels
benefit from previously described actions in this~ set by the regulatory agencies (,~).

~ ~
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PROGRAMMATIC ACTION 1A: Actions in the the need for its protection and other beneficial
Cottonwood Creek Ecological Zone have beenwater uses in the Bay-Delta.
designed specifically to restore late-fall-run~

chinook and their habitat. This species willTARGET 1: Maintain the average cohort replace-
directly benefit from previously described actionsment rate of steelhead trout above 1.0 while the
in this zone to improve or restore ecologicalstock is rebuilding. Then maintain a replacement
processes and functions that create and maintainrate equal to or greater than 1.0 when the stock
habitat and to reduce stressors that adverselyreaches restoration goal levels set by the regulatory
affect processes, habitats, and late-fall-runagencies(~.).
chinook salmon directly. These programmatic
actions address: PROGRAMMATIC ACTION 1A: Actions in the

Cottonwood Creek Ecological Zone have been
¯ Central Valley streamflows, designed specifically to restore steelhead and their
¯ natural sediment supply, habitat. This species will directly benefit from
¯ stream channel meander, previously described actions in this zone to

floodplain processes, improve or restore ecological processesnaturalfloodand and
¯ riparian and riverine aquatic habitat, functions that create and maintain habitat and to
¯ water diversions, dams, reservoirs, weirs,reduce stressors that adversely affect processes,
¯ gravel mining, habitats, and steelhead directly. These program-

matic actions address:
Additional programmatic actions that will
contribute to the recovery of late-fall-run chinook̄ Central Valley streamflows,
salmon are proposed for the Sacramento River,̄ natural sediment supply,
Sacramento-San Joaquin Delta, Suisun̄ stream channel meander,
Marsh/North San Francisco Bay, and Yolo Basin¯ riparian and riverine aquatic habitat,
Ecological Zones. ¯ water diversions, dams, reservoirs, weirs,

¯ gravel mining.
RATIONALE: Presently, late-fall-run chinook
salmon have no special protection. The great Additional programmatic actions that will
majority of late-fall-run chinook appear to spawn contribute to the recovery of steelhead are pro-
in the mainstem Sacramento River during posed for the Sacramento River, Sacramento-San
January, February and March. Late-fall-run Joaquin Delta, Suisun Marsh/North San Francisco
chinook abundance has declined due to passage Bay, and Yolo Basin Ecological Zones.
problems at Red Bluff Diversion Dam, loss .of
habitat, survival smolts, RATIONALE." NMFS has steelheadpoor of emigrating sport identified
and commercial harvest, and other factors, such populations in the Central Valley as a single
as disease and pollutants, evolutionary significant unit (ESU) based on a

variety of physical and biological data. Such data
STEELItEAD include the physical environment (geology, soil

type, air temperature, precipitation, riverflo~v
IMPLEMENTATION OBJECTIVE: The implemen- patterns, water temperature, and vegetation),~

ration objective for steelhead trout is to achievebiogeography (marine, estuarine, and freshwater
naturally spawning populations of sufficient sizefish distributions)," and life history traits (age at
to support inland recreational fishing and fully usesmolting, age at spawning, river entry timing,
existing and restored habitat areas. Meeting thisspawning timing, andgenetic uniqueness).
objective would contribute to overal! species
richness and diversity and reduce conflict between
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Within the broad context of ecosystem restoration,
steelhead restoration will include a wide variety
of efforts, many of which are being implemented.
for other ecological purposes or which are
nonspecific to steelhead trout. For example,
riparian woodlands restoration along the
Sacramento River between Keswick Dam and
Verona will focus on natural stream meander,
flow, and natural revegetation/successional
processes. These will be extremely important in
providing shaded riverine aquatic habitat, woody
debris, and other necessary habitats required by
lower trophic organisms and juvenile and adult
steelhead populations.

Operation of the water storage and conveyance
systems throughout the Central Valley for their
potential ecological benefits can be one of the
more important elements in restoring a wide
spectrum of ecological resources, including
steelhead trout.

REFERENCES USED TO
DEVELOP VISION FOR
COTTONWOOD CREEK

Califomia Department of Fish and Game. 1993.
Restoring Central Valley streams: a plan for
action. November.

California Department of Water Resources. 1994.
Use of alternative gravel sources for fishery
restoration and riparian enhancement in
Shasta and Tehama Counties, California.
August.

The Nature. Conservancy. 1995. Sacramento
Valley and foothill bioregion biological
scoping project. August 1, 1996.

U.S. Fish and Wildlife Service. 1997. Revised
draft anadromous fish restoration plan: a
plan .to increase natural production of
anadromous fish in the Central Valley of
California. May 30, 1997.
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COLUSA BASIN ECOLOGICAL ZONE

privately owned wetlands in the Sacramento
Valley. The Colusa Basin Drainage area contains
vital waterfowl and wetland habitats, contributes
to the filtering of agricultural return flow, and has
potential for riparian restoration. The wetlands
along the drain provide important habitat for
endangered and threatened species. The Colusa
National Wildlife Refuge has some of the highest
concenlrations of giant garter snake in the Central
Valley.

DESCRIPTION OF THE ZONE

The Colusa Basin Ecological Zone (Figure 11) is
INTRODUCTION an extensive hydrologic and geographic area west

of the Sacramento River betweenCottonwood
ecological health of the Delta Creek to the north and Cache Creek to the south.

health of its component parts. The This zone is divided into the Stony Creek, Elder
Zone contribution tot he Creek, Thomes Creek, and Colusa Basin

Delta and Ecological Units.
increase

Protecting and improving important ecological
processes and functions will help to maintain
important attributes of-the Colusa Basin
Ecological Zoffe, and preserve its ability to serve
as a source of sediment and nutrients to the
Sacramento River Ecological Zone.

Important ecological processes needed to provide
The streamsinthis a healthy ecosystem in the Colusa Basin
ecological zone Ecological Zone and contribute to the health of
provide seasonally the Sacramento River are the streamflow patterns
important rearing of the basin and. natural sediment supply.
habitat for many
fish species found The three largest tributary streams in this zone
in the Sacramento (Stony, Elder, and Thomes Creeks) all discharge

~ River. into the Sacramento River. The Colusa Basin

~~

maintains some of its historic capacity to retain
~"~~’~-~The Colusa Basin and detain floodwater. It captures the seasonal

~
Ecological Zone is inflow from small westside tributaries that flow

~ one of the primary into it.
waterfowl    and

wetland migratory birds migration and winteringThe soils underlying the Stony, Elder, and
areas of the Pacific Flyway. The Zone containsThomes Creek watershed are important sediment
three National Wildlife Refuges and some criticalsources to the Sacramento River.
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The Colusa Basin is a particularly important areaHistorically, riparian vegetation along Stony
for waterfowl and shorebirds and can provide a, Creek below the site of Black Butte Dam was
substantial amount of seasonally floodedvirtually non-existent.
wintering habitat.

A recent soil and mineral classification study by
DESCRIPTIONS OFECOLOGICAL Glenn County indicates that Black Butte

Reservoir has captured about 41 million cubic
UNITS yards of sediment (Glenn County 1996).

STONY CREEK ECOLOGICAL UNIT ELDER CREEK ECOLOGIC~iL UNIT

Stony Creek is a westside stream originating inElder Creek is a westside tributary that enters the
the Coast Ranges and draining into the Sacramento River 12 miles south of Red Bluff. It
Sacramento River south of Hamilton City. Threeflows into the Sacramento Valley from the west,
storage reservoirs are located in the Watershed.draining a watershed of approximately 142 square
The primary focus area on Stony Creek is themiles. The watershed contains mostly shale,
stream reach below Black Butte Dam. Thismudstone, and fine sedimentary deposits that
includes Stony Creek from Black Butte Dam to produce minimal amounts of gravel, most of
Interstate Highway 5 (I-5), I-5 to Highway 45, and which is deposited where the stream enters the
Highway 45 to the confluence with thevalley. No large gravel deposits are present in the
Sacramento River. lower stream reaches. An flood-control levee

system in the lower section has directed and
Stony Creek has a seasonal run off pattern ofconcentrated flows, increasing sediment transport
high winter and very low summer and fall flows,and degradation throughout the reach.
typical of western Sacramento Valley foothill
streams. Unimpaired summer and early fall flowsSeveral small water diversions, but no large dams,
are 0 cubic feet per second (efs) for 8-9 months, have been constructed on Elder Creek. The flow
except in high rainfall years, is generally intermittent, with a widely fluctuating

flow regime. Flow records indicate peak flows of
Summer and fall flows are higher than unimpairedmore than 11,000 cfs, but the stream is normally
flows as water is delivered below Black Butte dry from July to November.
Dam for agricultural use. These flows generally
exceed 100 cfs in summer except in the driestEider Creek has a natural flow pattern of
years, when flows of only 10 to 30 cfs aremoderate winter and spring flows and very low
released. Fall flows are generally less than 100 efssummer and fall flows, typical of streams in the
except in the wettest years. Essentially no surfacewestern Sacramento Valley foothills. Summer and
flows reach the Sacramento River during theearly fall flows are near 0 efs, except in the
summer and fall. highest rainfall years. In the wettest years, winter

flows average 600 to 1,600 cfs. In the driest years,
Water is diverted from several locations along theaverage monthly winter flows are only 5 to 20 cfs.
Stony Creek system below Black Butte Dam.
About 150 cfs is diverted for irrigation from The stream reach from Rancho Tehama to the
Black Butte Reservoir into the North Diversion mouth is a low-gradient, braided channel.
Canal. Additional water is diverted at the SouthApproximately 20 miles upstream of the valley
Diversion Canal, into the Tehama-Colusa Canalfloor, the stream gradient increases rapidly in a
(TCC) east of Orland, and into the Glenn-Colusarugged canyon area thatsupports resident fish, but
Canal before the creek enters the Sacramentoprobably has limited value for steelhead.
River.
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THOMES CREEK ECOLOGICAL UNIT good condition in the upper watershed and has a
,well-developed riparian forest along much of its

Thomes Creek is the largest gravel source inupper reach.
Tehama County. The stream has a watershed area~

of about 300 square miles. Thomes Creek enters COLUSA BASIN ECOLOGICAL UNIT
the Sacramento River 4 miles north of Coming.
No large dams have been constructed on theThe Colusa Basin drainage area extends from the
stream. The stream is usually dry or flowingCoast Ranges on the west to the Sacramento River
intermittently below the U.S. Geological Surveyon the east. It received flow and sediment from
(USGS) stream gage near Paskenta until the firstsmall streams located between Stony Creek on the
heavy fall rains, north and Cache Creek on the south. The drainage

encompasses approximately 1,500 square miles in
Thomes Creek has an unimpaired natural patternGlenn, Colusa, and Yolo Counties; 570 square
of flashy winter and spring flows and very lowmiles of this area consists of the respective
summer and fall flows, typical of streams in thewatersheds of the westside tributaries, with the
western Sacramento Valley foothills. The short-rest located in the relatively flat valley bottom.
duration, high volume flows may impair riparianNumerous small streams, including forks and
revegetation. Summer and early fall flows arebranches, constitute the watershed, about I I of

0 cfs, in the wettest which flow into the Colusa Basin Drain.near except years. directly
Precipitation is seasonal, with more than 80Access to the upper portions of most smaller
percent in December, January, and February.westside tributary streams is blocked where the
Precipitation in the drainage varies with elevation.GCID canal intersects the streams.
The average annual rainfall is 15 to 45 inches

The main conveyance system in the Colusa Basin
The lower reach of Thomes Creek has beenis known as the Colusa Trough, the Reclamation
significantly altered by the construction of flood-District 2047 Drain, the Colusa Basin Drainage
control levees and bank protection projects. Canal, or, more commonly, the Colusa Basin

Drain. Flows in the basin generally discharge into
The lower Thomes Creek reaches contain largethe Sacramento River heading southeast through
amounts of sediment and gravel,. Thomes Creekvarious sloughs. Reclamation efforts that began in
has at least three year-round gravel miningthe 1850s have converted wetlands and sloughs
operations and several seasonal ones. Theseinto agricultural areas.
gravel mining operations are conducted in
compliance with the county gravel resource planAgricultural drainwater from the basin also enters
and permitted under terms of the Department ofthe Sacramento River near Knights Landing
Fish and Game. through the Knights Landing Ridge Cut. In past

years, this return water contributed to elevated
Thomes Creek is of the most intactone water temperatures in the lower Sacramento River
tributaries on the west side of the Sacramentobelow the town. Water temperatures during May
Valley. Thomes Creek provides importantand June often exceeded 70°F, which is
spawning habitat for native Central Valley fish,detrimental to juvenile chinook salmon. Recent
such as Sacramento sucker, and Sacramentoimprovements in agricultural and water
squawfish. These native species may be a reasonmanagement practices, reduced flow volume and
why the area is used by wintering bald eagles,reduced temperature and chemical loading, have
Some experts believe that Thomes Creek ranksdiminished the problems formerly related to
second in importance, behind Cottonwood Creek,drainwater.
in terms of conservation priorities on the west side
of the valley. Thomes Creek is in remarkably
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The Colusa Basin Ecological Unit provides ELDER CREEKECOLOGICALUNIT
important seasonal and permanent habitats for
many species of migratory waterfowl andThe vision for the Elder Creek Ecological Unit
shorebirds, and the federally listed giant garterincludes restoring degraded habitat, the sediment
snake, balance (to reduce the quantity of fine sediments

in the gravel substrate),and a more natural stream
VISION FOR THE ECOLOGICAL channel and riparian habitat in the lower section.

ZONE Becafise of levees and other structures, Elder
Creek transports sediment through the lower

The vision for the Colusa Basin Ecological Zonesections instead of allowing deposition.
(Figure 11) involves maintaining or rehabilitating
important fishery, wildlife, and plant communitiesElder Creek’s lower reach and its confluence with
and ecological processes and functions thatthe Sacramento River may occasionally provide
contribute to the health of the Delta. Attaining thisan important seasonal, and sometimes extended,
vision will involve restoring or reactivatingrearing habitat for juvenile anadromous and
important ecological processes and functions thatresident fish. Maintaining and improving the
create and maintain habitats for fish, wildlife, andecological processes related to streamflow;
plant communities throughout the ecological zonesediment supply; a and transport will also provide
and its component ecological units, a clearly defined Stream channel and riparian

zone.
This vision focuses on restoring ecological .
processes and functions related to sediment THOMES CREEK ECOLOGICAL UNIT
transport and restoring seasonally flooded aquatic
habitats that provide important wintering areas forThe vision for the Thomes Creek Ecological Unit
waterfowl and shorebird guilds, and in providingis to establish a clearly defined stream channel,
wetland habitats that will contribute to theconsistent withfloodcontrol-needs, to effectively
recovery of the giant garter snake. The vision alsoenhance sediment transport in the lower stream
included a large cooperative program withreach to improve sediment delivery to the
landowners to improve the wildlife benefitsSaeramento River,
related to agricultural practices in the area. In
addition, it emphasizes    maintenance or COLUSA BASIN ECOLOGICAL UNIT
improvements to the ecological processes and
improvements to fish habitats. Visions for theseThe vision for the Colusa Basin Drain Ecological
ecosystem elements follow. Unit is to remedy ecological problems related to

the Colusa Basin Drain and the mainstem
VISIONS FOR ECOLOGICAL UNITS Sacramento River and to maintain and improve

the area’s value in providing seasonally flooded
STONY CREEK ECOLOGICAL UNIT wetland habitat.

Many native fish species use the lowermost reachThe Colusa Basin Drain is sometimes a significant
of Stony Creek, below Highway 45, at its source of warmwater inflowrto the Sacramento
confluence with the Sacramento River for rearingRiver, but is probably not a significant problem
from fall through early summer when water isduring May and June. In general, rice floodup and
suitably cool. This valuable habitat type will bemaintenance precludes significant drainwater
maintained and improved by restoring ups.treamduring this period. There may bethermal impacts

areas to improve system integrity and increaseresulting from rice field dewatering prior to
habitat complexity at the confluence, harvest in late August and September. The drain
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may also draw chinook salmon from theirnatural VISION FOR HABITATS
migratory corridor, resulting in their loss to the
spawning population. ’ SEASONAL WETLAND HABITAT

VISIONS FOR ECOLOGICAL The vision is that increased seasonal flooding of
PROCESSES leveed lands, use of the Colusa Basin’s natural

flood detention capacity, protection and
CENTRAL VALLEY STREAMFLOW enhancement of existing wetlands, and

development of cooperative programs with local
The vision is that streamflows would belandowners will contribute to increased habitats
maintained to ~upport many ecological processesfor waterfowl and other wetland dependent fish
and functions essential to the health of individualand wildlife resources such as shorebird, wading
streams in the Colusa Basin Ecological Zone andbirds, and the giant garter snake.
contribute to the health of the mainstem
Sacramento River. RIPARIAN AND SHADED RIVERINE AQUATIC

HABITATS

NATURAL SEDIMENT SUPPLY
The ~vision is to maintain existing riparian and

The vision for sediment supply in streams of theshaded riverine aquatic habitats and to restore
Colusa Basin Ecological Zone is that naturalthese habitats where feasible that support
stream sediments will contribute to streamterrestrial and aquatic species. Throughout much
channel formation and provide for nativeof this zone, riparian protection and restoration
resident fishspawning and invertebrate will be in conjunction with flood control and
production, levee maintenance practices.

NATURAL FLOODPLAIN AND FLOOD AGRICULTURAL LANDS

PROCESSES
Improving habitats on and adjacent to agricultural

The Colusa Basin is one of the Sacramentolands in the Colusa Basin Ecological Zone will
Valley’s natural overflow basins. The vision is tobenefit native waierfowl and wildlife species.
maintain the system’s flood capacity, introduceEmphasizing certain agricultural practices (e.g.,
nutrients to the system, and support naturalwinter flooding and harvesting methods that leave
regeneration and succession of riparian andsome grain in the fields) will also benefit many
riverineplant communities, wildlife that seasonally use these important

habitats~
UPPER WATERSHED PROCESSES

VISIONS FOR REDUCING OR
The vision, is that upper watershed health will be ELIMINATING STRESSORS
improved by a collaborative, locally directed
program to develop and implement CONTAMINANTS
comprehensive watershed management plans and
restoration or management actions. Pesticides and herbicides are applied extensively

in this ecological zone and may adversely affect
aquatic organisms. The vision is that contaminant
input levels to the system will not impair
restoration or maintenance of healthy fish,
wildlife, and plant communities.
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VISIONS FOR SPECIES the Colusa Basin Ecological Unit. The District
recently completed major elements of a Basin

GIANT GARTERSNAKE Integrated Resource Management Plan and
Watershed Priority Ranking Assessment Study.

The vision for the giant garter snake is to assist inThis planning process brought together
its recovery in order to contribute to the overallrepresentatives from agricultural, environmental,
species richness and .diversity. Achieving thisurban, and rural groups to identify, discuss, and
vision will reduce the conflict between protectionresolve issues in a way that benefits all parties. In
for this species and other beneficial uses of landaddition, local landowners, stakeholders, and
and water in the Bay-Delta. Protecting existingprivate organizations will be important to
and restoring additional suitable wetland andrestoration program success.
upland habitats will be critical to achieving
recovery of the giant garter snake. The proposed CENTRAL VALLE~ I-IABITAT JOINT VENTURE

restoration of aquatic, wetland, riparian, and
upland habitats in the Colusa Basin EcologicalThe Central Valley Habitat Joint Venture and the
Zone will help in the recovery of these species byNorth American Waterfowl Management Plan
increasing habitat quality and area. have developed objectives for wetlands in the

Colusa Basin Ecological Zone. These objectives
WATERFOWL are consistent with the ERPP targets developed

for this ecological zone.
Many species of resident and migratory waterfowl
will benefit from improved aquatic, wetland, I~ENTRALVALLEYPROJECTI1VIPROVEMENT

riparian, and agricultural habitats. Increase use of ACT
the Colusa Basin Ecological Zone and possibly
increases in some populations would be expected.In addition to many provisions for the restoration

of anadromous fish in the Central Valley, the

INTEGRATION WITH OTHER
Central Valley Project Improvement Act contains
provisions related to "other" programs to protect,

RESTORATION PROGRAMS restore, and mitigate for past fish and wildlife
impacts of the Central Valley Project including

The vision for the Colusa Basin Ecological Zonethreatened and endangered plants and animals.
can be achieved by primarily relying on local
resource conservation districts, landowner LINKAGE TO OTHER
associations, watershed associations, watershed
conservancies, water districts, and local ECOLOGICAL ZONES

landowners. In addition, the expertise of state,
federal and local agencies can be used whereThe Colusa Basin Ecological Zone is closely
appropriate to improve or assist in local planninglinked to the Sacramento River Ecological Zone
efforts. Local groups presently include the Stonyand has a high degree of connectivity through the
Creek Business and Landowners Coalition, theconfluences of Stony, Elder, and Thomes Creeks.
Thomes Creek Watershed Association, TehamaThe Colusa Basin is directly linked to the
Colusa Canal Authority, and the Orland UnitSacramento River through the Colusa Basin
Water Users Association. Key agencies in thisDrain. This ecological zone provides important

effort are DFG, USFWS, the U.S. Natural habitats for a variety of migratory species
Resources Conservation Service (NRCS),including anadromous fish, waterfowl, and other
Reclamation, and local govemment agencies. Thespecies dependent on wetland and riparian
Colusa Basin Drainage District will play anhabitats.
important part in designing restoration efforts in
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IMPLEMENTATION OBJECTIVES, RATIONALE: Colusa Basin Ecological Zone
streams provide several features that are

TARGETS AND PROGRAMMATIC, important within the ecological zone and for
ACTIONS adjacent zones. Major ecological processes and

functions that are driven by flow include gravel

for the Coiusa Basin recruitment, transport, deposition, and cleansing.Targets developed
Ecological Zone can be classified by theirStony, Thomes, and Elder creeks canprovide

reliability in contributing to attainment of thesediment for. transport to the Sacramento River

implementa.~ion objectives. The target and habitat in the Sacramento River for chinook

classification system used in the following sectionsalmon and other aquatic species. Maintaining

is as follows: and improving the ecological health of streams
in the Colusa Basin Ecological Zone will require

Class Description                     maintaining existing runoff patterns and
¯ Target for which additional research, eliminating other stressors such as invasive exotic

demonstration, and evaluation is needed toplants (arundo and tamarisk) that constrain

determine feasibility or ecosystem response, ecologicalprocesses.

NATURAL SEDIMENT SUPPLY¯ ~    Target which will be implemented in stages
with the appropriate monitoring to judge
benefit and success. IMPLEMENTATION OBJECTIVE: The

implementation objective for natural sediment
¯ ¯¯ that has sufficient of success supply is to establish sufficient quantities toTarget certainty

to justify full implementation in accordance riverine and estuarine systems to restore or
with adaptive management, program priority reactivate stream channel meander and point bar
setting, and phased implementation, formation, provide sediments to rebuild wetlands

and shallow-water habitats, and provide for
ECOLOGICAL PROCESSES nutrient transport.

~ENTRAL VALLEY STREAMFLOWS TARGET 1: Maintain the sediment available for
transport during storms and seasonal flow events

IMPLEMENTATION OBJECTIVE: The implemen.., in Thomes Creek (¯¯).
tation objective for Central Valley streamflows is
to restore basic hydraulic conditions to reactivatePROGRAMMATIC ACTION 1A: Maintain sediment
and maintain ecological processes that create andtransport in Thomes Creek by continuing to
sustain habitat required for healthy fish, wildlife,monitor aggregate extraction activities to ensure

sediment is available for delivery to theand plant populations.
Sacramento River.

TARGET 1: Maintain the existing seasonal runoff
patterns that mobilize and transport sediments,TARGET 2: Maintain the quantity of sediment
allow upstream and downstream resident fishtransported from Elder Creek to the Sacramento

passage, and contribute to riparian vegetationRiver
succession. (0).

PROGRAMMATIC ACTION 3A: Maintain sediment
PROGRAMMATIC ACTION 1A:    Refer transport in Elder Creek by continuing to monitor"to
programmatic actions listed under Upperaggregate extraction activities to ensure sediment
Watershed Health. is available for delivery to the Sacramento River
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RATIONALE: Sand andgravelextractionactivities quality and quantity of water flowing into
on the streams in the Colusa Basin Ecological Sacramento-San Joaquin Delta and San Francisco
Zone are conducted in .compliance with local and Bay tributaries and rivers.
state regulations. The tributaries are important
sediment sources for the Sacramento River. TARGET 1: Develop locally initiated programs to
Sediments contribute to several important restore upperwatershedprocesses(4~).
ecological functions and are required for specific
habitats, particularly chinook salmon and I:}ROGRAMMATIC ACTION 1A: Reduce excessive
steelhead habitats. Black Butte Dam on Stony fire fuel loads in upper watersheds.
Creek has eliminated natural gravel recruitment
to the lower stream reach. The feasibility of PROGRAMMATIC ACTION 1B: Improve forestry
protecting Stony Creek, its stream and riparian management practices, including practices
corridor, and its contribution of sediment to the relating to timber harvest, road building and
Sacramento River should be evaluated, maintenance, and livestock grazing.

NATURAL FLOODPLAIN AND FLOOD PROGRAMMATIC ACTION 1c: Develop a water-

PRocESSES shed management plan .for Thomes Creek.

IMPLEMENTATION OBJECTIVE: The implemen- PROGRAMMATIC ACTION 1D: Develop a water-
tation objective for natural floodplains and flood shed management plan for Elder Creek.
processes is to modify channel and basin
configurations to improve floodplain functionPROGRAMMATIC ACTION 1E: Develop a water-
along Sacramento-San Joaquin basin rivers andshed management plan for Stony Creek.
streams.

RATIONALE: Improved watershed processes will
TARGET: Establish a desirable sedimentmaintain and restore seasonal runoff patterns,
deposition level in the Colusa Basin (.). water yield, and water quality and reduce

sediment load to downstream storage reservoirs
PROGRAMMATIC ACTION: Improve the Colusa (reducing storage capacity and improving water
Basin sediment deposition capacity by workingquality). Healthier watersheds will also provide
with local landowners to develop an integratedancillary benefits to upper watershed habitats and
plan consistent with flood-control requirements, species.

RATIONALE: Floodplain processes include the I-IABITATS
natural floodwater and sediment detention and
retention process whereby flows and sediment are SEASONAL WETLANDS
retained within the floo@lains. Retaining and
detaining waterandsedimentinbasinfloodplains IMPLEMENTATION OBJECTIVE: Restore and
are controlled primarily, by flow patterns and manage seasonal wetland habitat to:
channel geomarphology, and secondarily by soils
andplant communities. ¯ restore foodweb and floodplain processes,

UPPER WATERSHED PROCESSES ¯ reduce the effects of contaminants and water
.management on the Delta’s aquatic resources;

IMPLEMENTATION OBJECTIVE: The imple- and
mentation objective for upper watershed health
and function is to restore ecological processes in̄ provide high-quality foraging and resting
the upper watersheds to maintain and improve the habitat for wintering waterfowl, greater
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sandhill cranes, and migratory and winteringwetlands is typically high in foodweb prey species
shorebirds. :concentrations and fine particulate organic

matter that f~ed many Delta aquatic and
This will help to restore and maintain thesemiaquaticfish and wildlife. To capitalize on
ecological health of the aquatic resources in andthese functions, most of the seasonal wetlands of
dependent on the Delta. the Colusa Basin Ecological Zone should be

subject to periodic flooding and overland flow
TARGET 1: Protect and manage 2,000 acres offrom river floodplains.
existing seasonal wetland habitat consistent with
the goals of the Central Valley Habitat Joint RIPARIAN AND SHADED
Venture and the North American Waterfowl RIVERINE AQUATIC HABITATS
Management Plan (~,~).

IMPLEMENTATION OBJECTIVE: The implemen-
PROGRAMMATIC ACTION 1A: Develop and ration objective for riparian and riverine aquatic
implement a cooperative program to improvehabitats in the Colusa Basin Ecological Zone is to
management of 2,000 acres of existing, degradedrestore riparian scrub, woodland,and forest
seasonal wetland habitat, habitat to create riparian vegetation corridors.

These corridors provide shaded riverine aquatic
TARGET 2: Develop and implement a cooperativecover for anadromous and other fish species and
program to enhance 26,435 acres of existingcreate high-quality habitat for associated special-
public and private seasonal wetland habitatstatus plant and animal species and other wildlife.
consistent with the goals of the Central Valley
Habitat Joint Venture and the North AmericanTARGET 1:    Protect and maintain riparian .
Waterfowl Management Plan (~). vegetation along Stony Creek, Elder Creek,, and

the Colusa Basin Ecological Unit channels and
PROGRAMMATIC ACTION 2A: Restore and sloughs where possible. This will provide cover
manage seasonal wetland habitat throughout theand other essential habitat requirements for
ecological zone. native resident fish species and wildlife (~).

P~4TIONALE: Restoring seasonal wetland habitats PROGRAMMATIC ACTION 1A: Develop a
along with aquatic, permanent wetland, and cooperative program to protect or rehabilitate
riparian habitats is an essential element of the. riparian vegetation, where possible.
restoration strategy for the Colusa Basin
Ecological Zone. Restoring these habitats will J~ATION,4LE: Healthy riparian corridors along
also reduce the amount and concentrations of creeks, sloughs, and channels, including those in
contaminants that could interfere with restoring the Colusa Basin Ecological Unit, provide
the ecological health of the aquatic ecosystem, essential cover, shade, and food for spawning,
Seasonal wetlands support a high production rate rearing, and migrating native resident fishes, and
of primary and secondary food species and large a wide variety of wildlife, neotropical birds, and
blooms (dense populations) of aquatic other terrestrial species.
invertebrates.

AGRICULTURAL LANDS
Wetlands that are dry in summer are also efficient
sinks for the transformation of nutrients and the IMPLEMENTATION OBJECTIVE: Cooperatively
breakdown of pesticides and other contaminants, manage agricultural lands to provide high quality
The roughness of seasonal wetland vegetation wildlife values for associated species, and
filters and traps sediment and organic maintain or increase the economic viability of
particulates. Water flowing out from seasonal agricultural lands.
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TARGET 1: Cooperatively manage 111,285 acresponds will increase the production of resident
of agricultural lands (~,). waterfowl species.

PROGRAMMATIC ACTION 1A: Increase the area of Restoring nesting habitat, especially when it is
rice fields and other crop lands flooded in winternear brood ponds, will increase the production of
and spring to provide high-quality foragingresident waterfowl species. When the restored
habitat for wintering and migrating waterfowl andnesting habitat is properly managed, large,
shorebirds and associated wildlife, ground predators are less effective in preying on

eggs and young of waterfowl and other ground
PROGRAMMATIC ACTION 1B: Convert nesting birds. Managing agricultural lands to
agricultural lands in the Colusa Basin Ecologicalincrease forage for waterfowl and other wildlife
Z~ne from crop types of low forage value for will increase the overwinter survival rates of
winteringwaterfowl and other wildlife to crop wildlife and strengthen them for migration, thus
types of greater forage value, improving breeding success (Madrone and Assoc.

198o).
PROGRAMMATIC ACTION 1C: Defer fall tillage
on rice fields in the Colusa Basin Ecological Zone

REDUCING OR ELIMINATINGto increase the forage for wintering waterfowl and
associated wildlife. STRESSORS

JZ4TIONALE: Following the extensive loss of CONTAMINANTS

native wetland habitats in the Central Valley,
some wetland wildlife species have adapted to the IMPLEMENTATION OBJECTIVE: Reduce con-
artificial wetlands of some agriculturalpractices taminant concentrations and loadings in the
and have become dependent on these wetlands to aquatic environment, and the subsequent bio-
sustain their populations. Agriculturally created accumulation by aquatic species, to increase their
wetlands include rice lands; fields f!ooded for survival.
weed and pest control; stubble management; and
tailwater circulation ponds. TARGET 1: Reduce the adverse effects of

herbicides, pesticides, fumigants, and other agents
Managing agricultural lands to increase forage that are toxic to fish and wildlife in the Colusa
for waterfowl and other wildlife will increase the Basin Ecological Zone (,).
survival rates of overwintering wildlife and
strengthen them for migration, thus improving PROGRAMMATIC ACTION 1A: Work with local
breeding success (Madrone Associates 1980) agricultural interests and water districts

implement and evaluate a contaminant effects
Creating small ponds on farms with nearby study.
waterfowl nesting habitat but little brood habitat
will increasb production of resident waterfowl RATIONALE: Contaminants from point and
species when brood ponds are developed and nonpoint sources affect water quality and survival
managed properly. Researchers and wetland of fish, waterfowl, and the aquatic foodweb.
managers with the DFG, ~S. Fish and Wildlife Contaminants may cause severe toxicity and
Service and the California Waterfowl Association organism mortality or long-term, low-level
have found that well managed brood ponds toxicity that affects species’ health and
produce the high levels of invertebrates needed to reproductive success.
support brooding waterfowl. Other wildlife such
as the giant garter snake will also benefit.
Restoring suitable nesting habitat near brood
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INVASIVE RIPARIAN AND SALT MARSH PLANTS cart be seen at Stony Creek in northern California.
Because arundo has a vertical structure, it does

IMPLEMENTATION OBJECTIVE: Reduce not overhang water like native riparian
populations of invasive non-native tree and shrub vegetation. The result is less shade over water,
species that compete with the establishment and providing less cover, increased water
succession of native riparian vegetation in order to temperatures, and altered water chemistry, all
support sustainable native vegetation communities, conditions that can harm fish and other existing

aquatic organisms and ultimately change the
TARGET 1: Eradicate arundo and tamarisk in aquatic species composition.
watersheds where they have only small
population, then concentrate on eradicating Tamarisk is widespread in California rivers;
satellite populations extending beyond major however, an accurate assessment of the extent and

rate of spread of the weed is unknown. Likeinfestations,and finally, reduceand
eliminate the most extensive populations,             arundo, more survey mapping is needed to

determine the extent of tamarisk, the levels of
PROGRAMMATIC ACTION 1A:Develop a threat posed by the weed, the best time to safely.
cooperative pilot study to control arundo (false control it, and a prioritizedstrategyfor removing
bamboo) and tamarisk (salt cedar) in streams it.
within the Colusa Basin Ecological Zone.

Rationale: Invasive riparian and salt marsh SPECIES

plants have become sufficiently established in
some locations to threaten the health of the Bay- GIANT GARTER SNAKE

Delta ecosystem. The riparian and salt marsh
plants that pose the greatest threats to aquatic IMPLEMENTATION OBJECTIVE: Assist in the

recovery of the giant garter snake, a federallyecosystems those that directly indirectlyor

affect rare native species, decrease foodweb listed threatened species. Meeting this objective

productivity, and reduce populations of desired would contribute to species richness and diversity
and                            and reduce conflict between the need for theirfish wildlife species.

protection and other beneficial uses of land and
water in the Bay-Delta.Factors that relate to the degree of influence

invasive riparian and salt marsh plants have on
the Bay-Delta include additional introductions TARGET: Restore wetland habitat throughout the

Colusa Basin Ecological Zone (~�,).from gardens and other sources, and ground
disturbances and hydrologic regimes that create
favorable conditions for their establishment. PROGRAMMATIC ACTIONS: Enhance existing

poo~ habitats and restore new habitats in historical

The effects of arundo’s ability to alter ecosystem wetlands.(Refer to targets and programmatic

processes may be profound. It is far more actions for seasonal wetlands, riparian and
riverine aquatic habitat, and agricultural lands.)susceptible to fire than native riparian species.

However, although it recovers from fires, most
native vegetation does not, leading to increased RATIONALE: Restoration of the giant garter snake

postfire dominance by arundo. By increasing will come indirectly from restoration of wetland
areas and marshes in areas where remnantsedimentation after establishing in stream

channels, ar~ndo stabilizes islands, hinders habitats and populations of the snake now exist.

braiding and shifting patterns in stream channel
movement, and prevents native stream channel
vegetation from establishing. An example of this
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[]
WATERFOWL The Nature Conservancy. 1995. Sacramento

Valley and foothill bioregional biological
IMPLEMENTA~TION OBJECTIVE: Maintain and ~ scopingproject. August. ¯
restore the distribution and abundance of
waterfowl to contribute to species richness andU.S. Fish and Wildlife Service. 1997. Revised
diversity and reduce conflict between the need for draft restoration plan for the anadromous fish 1
their protection and other beneficial uses of water restoration program: a plan to increase the
in the Bay-Delta. natural production of anadromous fish in the

Central Valley of California. May 30, 1997.
TARGET: Improve populations and distribution of
waterfowl (,,).

PROGRAMMATIC ACTIONS-" Waterfowl will
¯ indirectly benefit from restoration of marshes,

seasonal wetlands, and riparian habitats
throughout the Colusa Basin Ecological Zone.
(Refer to targets and progammatic actions for
seasonal wetlands, riparian and riverine aquatic
habitat, and agricultural lands.)

RATIONALE: Restoring large areas of riparian
habitat freshwater marshes, and seasonal []
wetlands will provide feeding and nesting habitat
for many species of waterfowl and shorebirds.

REFERENCES USED TO

DEVELOP THE VISION FOR THE

COLUSA BASIN ECOLOGICAL
ZONE

California Department of Fish and Game. 1993.                                                        !’
Restoring Central Valley streams: a plan for
action. November.

California Department of Water Resources. 1994.
Use of alternative gravel sources for fishery
restoration and riparian habitat enhancement
in Shasta and Tehama counties, California.
Northern District. August.

Madrone Associates. 1980. Sacramento-San
Joaquin Delta wildlife habitat protection and ¯
restoration plan. Prepared for the California 1
Department ofFish and Game and U.S. Fish
and Wildlife Service.
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i
BUTTE BASIN ECOLOGICAL ZONE

i
INTRODUCTION

i The ecological health of the Bay-Delta depends "~~IL~II
on ecological processes and functions, habitats,
and fish and wildlife species present in Butte

I Basin Ecological Zone streams, wetlands, and
floodplains. The status and abundance of spring-       .
run chinook salmon and steelhead trout are

i important measures of the health, not only of the t
Sacramento-San Joaquin River Delta (Delta), butflows and reducing physical barriers to fish

also of the Butte Basin. The Butte Basin
migration will improve the overall ecological
health of the watersheds in the basin.Ecological Zone supports the Delta ecosystem

through significant contributions of streamflow,
sediments, and other attributes.

Important resources in the basin include spring-
run chinook salmon, fall-run chinook salmon,

1 The Butte Basin Ecological Zone provides habitatsteelhead trout, resident fish guilds, waterfowl

for a wide variety of fish, wildlife, and plantguilds, shorebird and wading bird guilds, and

communities and
riparian Wildlife guilds. Generally, the wildlife

I ~"~;~: ~~"             habitats. These include populations are healthy. Spring-run chinook and
!i::i’~1 Buns Basin steelhead, however, need to achieve higher annual

~%,~ E=ologi=al spring-run chinook population levels before they are considered

i ~~ zono salmon, steelhead trout, healthy and no longer a problem in the Delta.~<"~ resident fish commun,"~’:~.~-~:.~~ Achieving healthy status for these fish~’:~:~’+~: ~ ities, waterfowl,
~~’~°’~ and populations is also dependent on implementing~ riparian vegetation,

i :~~..;~’~ ~~.o~:~.~ restoration actions downstream of this ecological
¯ "~ ,~"~ ........~ seasonally and

~~,,~;~,~ permanently flooded zone.

..... ~~:~:~’~~~ wetlands. TheButte
Important habitats in the Butte Basin Ecological

i s~ contains important
refuge areas including Gray Lodge Wildlife Area,Zone include anadromous fish migration, holding,

Butte Basin Wildlife Area, Butte Sink National
spawning, and nursery habitats, which are needed

i Wildlife Refuge, and the Butte Sink Wildlifeto maintain spring-ran chinook and steelhead and
other chinook populations. Seasonally floodedManagement Area.                               wetlands are prevalent through the lower portions

i Important ecological processes and functions inof the basin and are extremely important habitat

the Butte Basin Ecological Zone include theareas for waterfowl, shorebird, and wading bird
guilds. Riparian and riverine aquatic habitat is

annual streamflow and storm runoff patterns,
sediment supply and gravel recruitment, fire, andimportant to aquatic and terrestrial species.

i stream meander in each stream’s watershed.Woody debris, such as tree branches and root
wads, provide important cover for young fish.

These important processes are in a reasonably      Healthy riparian vegetation provides a migration

i healthy condition throughout the ecological zone,
but specific improvements are needed in certain

corridor that connects the mainstem Sacramento

watersheds. The greatest need is to maintainRiver with habitats in the upper watershed. This

processes closely linked to the natural streamflow
corridor is used by terrestrial species, such as

I regime. Continued efforts toward improving lowbirds and mammals.
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Stressors to ecological processes, habitats, andattempting to emigrate from the stream into the
species in the zone include diversion structures in~ Sacramento River. Approximately 15 diversions
the streams; unscreened diversions; insufficientin Paynes Creek need to be screened to protect
flow in the lower portions of most of the streams,juvenile fish.
which may seasonally inhibit the upstream and
downstream migration of anadromous fish; areas
of inadequate riparian vegetation and woody Historical Monthly Average Flow

debris; and the potential illegal harvest of spring-
run chinook salmon that oversummer in isolated aoo
pools in many of the streams. 2so

~oo°DESCRIPTION OF THE ZONE
=~ 15o
";" 100

The Butte Basin Ecological Zone (Figure 12)
encompasses a significant portion of the 0
Sacramento Valley, eastofthe Sacramento River J F M A M J J A S 0 N D
and north of the Colusa Basin Ecological Zone, [--] NormalYear [] Dry Year
and includes the following seven ecological units:

Paynes Creek Streamflow, 1956-1966 (Dry year is the 20th
percentile year; normal year is the 50th percentile or median

¯ Paynes Creek Ecological Unit, year.)
¯ Antelope Creek Ecological Unit,
¯ Mill Creek Ecological Unit,
¯ Deer Creek Ecological Unit, Paynes Creek has a natural flow pattern of high

¯ Big Chico Creek Ecological Unit, winter and low summer-fall flows, typical of

¯ Butte Creek Ecological Unit, and many Sacramento Valley streams that originate in

¯ Butte Sink Ecological Unit. foothills rather than the crest of the Sierra
Nevada. Low summer and fall flows are further
reduced by diversions. The stream is often dry

DESCRIPTIONS OF ECOLOGICAL during summer and fall. In wetter years, flows in
UNITS winter average 200.to 600 cfs. In winter months

of dry years, average monthly flows peak at only
PAYNES CREEK ECOLOGICAL UNIT 50 to 80 cfs. In the driest years, winter monthly

average flows reach only 10 ~to 20 cfs. Fall-run
Paynes Creek enters the Sacramento River 5 mileschinook salmon and steelhead trout use Paynes
northof RedBluff.Itflows into the Sacramento Creek when streamflow is sufficient to allow
Valley from the east, draining a watershed ofupstream passage. Surveys in the 1960s
approximately 93 square miles. Paynes Creekdocumented an average run size of 143 fall-run
originates in a series of small lava springssalmon; 300 fish was the maximum run observed
approximately 6 miles west of the town ofin a single season. In most years, rainfall provides
Mineral. There are no significant dams on thesufficient flow for the fall-run chinook salmon to
stream; however, as many as 16 diversionsmove upstream by late fall.
seasonally divert water. Diverted water is used for
irrigation, stock watering, and commercialRiparian and riverine aquatic habitat needs to be
aquaculture. Diversions are confined to the periodimproved by providing adequate streamflows and
between late spring and early fall. Significantby protecting shorelines from livestock. Vege-
losses of juveniles can occur in spring if thetation planting may be required in certain areas to
irrigation season begins when juvenile salmon arehasten and sustain a riparian corridor along the

stream.
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I
The size of the .salmon run in Paynes Creek iszone. Pe_ak flows occur in winter and spring.
closely linked to rainfall. Therefore, actions toLowest flows occur in summer and fall. In wettest

I restore and improve conditions for chinookyears, average flows in winter months range from
salmon and steelhead are more likely to succeed200 to 1,200 cfs. In driest years, flows in winter
during periodsofnormaltoabovenormal rainfall,months average below 50 cfs. In all but the

i Limiting water diversions during critical migra-wettest years, summer and early fall flows
¯ tion periods would help to maintain and improveaverage from 20 to 50 cfs. The natural flow

flows. Reduced diversions could be achievedpattern is altered by diversions in the lower creek
through voluntary restrictions; direct water pur-from spring through fall.
chase; or development of alternative sources, such
as wells or storage facilities. Adequate flows are
needed in Paynes Creek to provide for the fall Historical Monthly Average Flow

adult.migration, winter season fry rearing, and
spring juvenile outmigration in drier years. Mini-
mum flows in upstream summer rearing areas are
needed to sustain steelhead.

In addition to low flOW, inadequate spawning

i gravel has been identified as a significant factor
limiting salmon production. The California

,’r

Department of Fish and Game (DFG) built five

i spawning riffles with 1,000 tons of spawning 0
gravel in 1988. Impi’ovement to the sediment J g M A M J J A S O N D

supply, including gravel for fish spawning, needs
~I further evaluation. [] Normal Year [~ Dry Year

Antelope Creek Streamflow, 1942-1982 (Dry year is the 20th
Restoration and maintenance of Paynes Creek percentile year; normal year is the 50th percentile or median

i could be improved by establishing a Paynes Creek
year.)

watershed conservancy. Restoring and maintain-
ing Paynes Creek could be facilitated by develop-There are two water diversions at the canyon

i ing and implementing a comprehensive watershedmouth on Antelope Creek. One is operated by the
, management plan. Edwards Ranch with a water right of 50 cfs, the

other by the Los Molinos Mutual Water Company
ANTELOPE CREEK ECOLOGICAL UNIT (LMMWC) with a water right of 70 efs. AntelopeI Creek flow is diverted from 1typically April

Antelope Creek flows southwest from the Cascadethrough October 31. Average flow during this
Range foothills and enters the Sacramento Riverperiod, measured from 1940 through 1980, was

i 9 miles southeast of Red Bluff. The drainage is92 cfs. With water diversion rights exceeding
approximately 123 square miles, and the averagestreamflow, the lower reach of the stream is often
stream discharge is 107,200 acre-feet (af) perdry. The seasonal flow needs improvement to
year. Antelope Creek is relatively unaltered abovepermit unobstructed fish passage. To reestablish
the valley floor, but the seasonal lack of flow toand increase salmon and steelhead in Antelope
the Sacramento River reduces the ereek’sCreek, priority must be given to providing and
potential to produce anadromous fish. maintaining adequate passage flows from October

1 through June 30 below the Edwards and
Antelope Creek has a natural streamflow patternLMMWC diversion dam. Several diversions on

,"B
like other nondamrned streams in this ecologicalAntelope Creek need to be screened to protect

~ ~ Volume 11: Ecosystem Restoration Program Plan
~ ~Y.DI~TA Butte Basin Ecological Zone Vision

~ ~ Draft: March 1998

221

!
�-oo6843

C-006843



juvenile salmon and steelhead during theirfish. Historically, an estimated 500 spring-run
downstream passage, chinook salmon and approximately 300 steelhead

trout annually used Antelope Creek. Habitat exists
Migration flows and temperatures adequate tofor holding, spawning, and rearing these fish in
attract salmon must be provided at Antelopethe upper watershed.
Creek’s confluence with the Sacramento River.
Diversions during the chinook and steelheadInsufficient fall flow patterns may delay the
migration season should be limited to maintain aupstream migration and spawning of adult fall-
flow of at least 25 cfs at the mouth of Anteloperun chinook and downstream migration of
Creek. Instream flows should be maintainedjuvenile spring-runchinook. Likewise, inadequate
throughout the irrigation diversion season to pro-late spring flows may limit part of the spring-run
vide aquatic habitat and riparian vegetationupstream migration and downstream juvenile fall-
benefits, run chinook migration. In the lower stream

section below the canyon mouth, Antelope Creek
The riparian and riverine aquatic habit along theis subject to braiding and channel bifurcation,
AntelopeCreek corridor needs several improve- which also impair upstream fish passage.
ments. Some areas have been denuded and will
require significant revegetation. Woody debris,The Antelope Creek Ecological Unit could be
such as branches and root wads originating fromimproved by establishing and supporting an
the riparian forest, provides valuable cover forAntelope Creek watershed conservancy. Restoring
young fish. The riparian zone provides an impor-and maintaining Antelope Creek could be
rant migratory corridor for terrestrial species by improved by developing and implementing a
connecting the mainstem Sacramento River withcomprehensive watershed management plan.
upper watershed habitats. Forest management, including reducing fire fuel

loads, would protect riparian habitats and stream-
Fall- and~ spring-run chinook salmon andflows and help to prevent excessive sediment
steelhead trout use Antelope Creek. Populationfrom being washed into the~reek.
estimates for fall-run salmon on Antelope Creek
from 1965 through 1984 ranged from 50 to 4,000, MILL CREEK ECOLOGICAL UNIT
with an average annual run of approximately 467

Mill Creek is a major tributary of the Sacramento
River, flowing from the southern slopes of
Mr. Lassen and entering the Sacramento River at

70o [ river mile (RM) 230, 1 mile north of the town of
’ Tehama. The stream originates at an elevation of

600 [ ....... approximately 8,500 feet and descends to 200 feet
s0o ........... at its confluence with the Sacramento River. The

watershed drains 134 square miles, and the stream400
is approximately 65 miles long. The creek is

300 confined within a steep-sided,~ relatively
200 inaccessible canyon in the upper watershed. Mill

Creek spring-run chinook salmon are unique,100
because they spawn at altitudes above 5,000

1970 1975 1980 1985 1990 1995 feet--the highest altitudes known for salmon
spawning in California. The stream flows through
the Ishi Wilderness Area and the Gray Davis Dry

Antelope Creek Fall-run Chinook Salmon Estimates, 1965-1984. Creek Reserve, which is managed by The Nature
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Conservancy. "l:wo dams on the lower 8 miles ofthe present annual steelhead population at a few
the stream divert most of the natural flow forhundred fish.
irrigation purposes, usually from May and until
September. Fall-run chinook salmon population estimates

have ranged from approximately 6,000 spawners
Mill Creek has a somewhat atypical seasonal flowin 1984 to 150 in 1965. The fall run has averaged
pattern. Flows remain relatively high through2,200 fish for the 38 years ofrecord~ Late-fall-run
spring, even in dry years, because of snowmeltsalmon have occasionally been observed spawn-
and springs, on Mt. Lassen. In wettest years,ing in the lower reaches of Mill Creek, but no
average monthly flows in winter and spring rangeestimates are available.
from 800 to 1,800 cfs. In driest years, flows range
only from 60 to 120 cfs. With no storage Mill Creek differs from other eastside streams
reservoirs and minimal diversions on the fiver,because of its high silt load and turbidity during
streamflows are near natural and unimpeded,the spring snowmelt period. Recent water quality
except in the valley lowland reach~ monitoring for Mill Creek indicates that lands

within Lassen Volcanic National Park contribute
The ecological health of the Mill Creek ecologicalthe major source of silt from the steep barren
unit is rated above average due to unimpededslopes adjacent to the headwaters. There are
stream flow and the undisturbed qualityinsignificant land use activities that occur on the
throughout the holding and spawning habitat ofLassen National Forest lands, however, most of
spring-run chinook salmon and steelhead,the area is protected by its wilderness designation.
Populations of spring-run chinook salmon andThe majority of the siltation sources in Mill Creek
steelhead have declined sharply in recent years, inare the result of natural geologic processes that
large part due to problems outside of the unit.have existed for thousands of years and are not an
Spring-run chinook salmon populations in Mill impediment to the survival of the endemic
Creek have ranged from a maximum of 3,500 fishanadromous fish populations.
to a low of no fish during the severe drought of
1977. During the past decade, annual spring-runSpawning areas in lower Mill Creek consist
chinook populations have averaged 390 fish.primarily of large cobbles and boulders, with very
More than 2,000 steelhead have been counted atlittle spawning gravel. Spawning gravel naturally
Clough Dam, and steelhead runs averaged 1,100accumulates in the lower reaches of the stream but
fish from 1953 to 1965..Anecdotal accounts placeis flushed from the stream during higher flow

events.

Three diversion structures were constructed on6,000
Mills Creek in the early 19009, however, only two

s,000 are operationsl. The upper and lower diversions
are low structures and have been screened since

4,000 the 1920s. The Department ofFish and Game has
a,00o completed several improvements to these

structures over the past 50 years including the
2,000 ........... addition offish ladders and resloping and refacing

1,00o the surface of the structures to improve fish
passage. These diversion structures are owned

01965 1970 1975 i980 1985 1990 1995 and managed by the Los Molinos Mutual Water
Company and are regularly inspected by the

Mill Creek Fall-run Chinook Salmon Estimates, 1965-1994 Department offish and Game to insure optimum
fish passage conditions.
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The middle diversion structure is known as theagencies worked together and prepared the Mill
Clough Diversion which was constructed in theCreek Watershed Management Strategy which is
early 1920s and is privately owned. The structurea comprehensive document containing specific !11
was screened and has a functional fish ladder,recommendation for resource protection.
The Clough Dam was breached during the
January 1997 flood and presently is not a barrier.Restoration activities are presently being
to fish passage. Alternative designs toimplemented in accordance with the priorities
reconstructing the dam include options that wouldstated in the Mill Creek Watershed Management
provide water for irrigation without impairing fishStrategy. The Strategy Report addresses potential
passage, stressors including the potentia adverse impacts

from timber harvesting and additional recreational
All of the water diversions have screens, ownedactivities. However, the majority of the upper and
bythe DFG, in place and in good operatingmiddle watershed is protected from detrimental
condition, activity due to its Wilderness designation,

PACFISH regulations, and private conservation
Sufficient flows permit unobstructed fish passageeasements.
and cleanse and distribute new spawning gravels.
One of the key elements inrestoring Mill Creek’sThe majority of the Mill Creek watershed remains
salmon and steelhead populations is obtainingundisturbed and is still capable of supporting
dependable flow in the lower stream reaches. Ahistoric runs of salmon and steelhead. Potential
negotiated agreement with the water users is therestoration work is concentrated in the lower
preferable means of achieving this goal, becausewatershed area on the valley floor that has been
it would minimize conflicts between historicalimpacted by human activities. The major
land uses and restoration of salmon and steelheadrestoration efforts include replanting native
habitat. This has been partially achieved throughriparian vegetation and securing additional
a cooperative water exchange agreement whichinstream flows.
has been in place for seven years.

Potential timber harvest in the upper water.shed
The riparian corridor needs improvement inthreatens loss of holding and spawning areas due
several areas. Some locations have been denudedto habitat degradation. Selective harvest and well-
and will require significant revegetation, planned road construction would minimize this

effect. Additional recreation areas must be ¯
Gravel spawning habitat in the valley floor sectioncarefully planned and implemented to preserve
of the creek is not adequate for fall-run chinookexisting fish habitat. Forest management,
salmon. Gravel recruitment is limited because ofincluding reducing fire fuel loads, will protect
a relatively low natural supply attributable to theriparian habitats and streamflows and help to
geologic features in the basin. Existing gravelprevent excessive sediment from being washed
sources may be enhanced to improve spawninginto the creek.
areas for fall-run chinook salmon. An evaluation
of the potential benefits of providingAdult spring-run chinook salmon oversummering
supplemental gravel into the channel should bein deep upstream pools are susceptible to illegal
completed, harvest. The remoteness of the spawning areas

contributes to enforcement problems.
Conservation, restoration, and preservation efforts ¯
on Mill Creek have been established by the Mill
Creek Conservancy which supports the local
approach to watershed management. The local
residents, concerned citizens, and resource
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DEER CREEK ECOLOGICAL UNIT factors limiting these ’populations lie primarily
Outside of the unit.

Deer Creek is a major tributary to the Sacramento
River, originating upstream of Deer CreekDeer Creek has a seasonal flow pattern similar to
Meadows on the slopes of Butt Mountain. Thethat of Mill Creek. Flows are highest in winter
creek enters the Sacramento River approximatelyand spring, and summer and fall flows. Peak
1.5 miles north of Woodson Bridge State Park. monthly flows in wet winters reach up to
The watershed drains 200 square miles and is2,600 cfs. In driest years, winter flows reach only
60 miles long. Part of the upper stream is90 to 110 cfs. Minimum summer and fall base
paralleled by State Highway 32. The lower flows are 60 to 80 cfs.
10 miles of the creek flow through the valley,
where most of the flow is diverted. This lower Fall- and spring-run chinook salmon and
section encompasses a relatively large flood plainsteelhead trout use Deer Creek. During the past
bounded on either side by levees, decade, an average of approximately 550 spring-

run and 1,000 fall-run chinook have spawned
In many years prior to 1990, three diversion damsannually in Deer Creek. Habitat in the upper
and four diversion ditches depleted all of thewatershed is relatively intact, with numerous
natural flow from mid-spring to fail. Since 1990, holding areas and an abundance of spawning
the local with assistance from gravel. Some in lower Deer Creekirrigationdistricts, spawning
the Departments of Fish and Game and Waterare lightly armored and could limit production of
Resources, have voluntarily provided fish passagefall-run chinook salmon.
flows at critical times. All of the diversion
structures have fish ladders and screens. Of allExcept for the lack of streamflows on the valley
Sacramento Valley streams, Deer Creek has thefloor below the agricultural diversions, fish
greatest potential for restoring spring-run chinookhabitat throughout the drainage is generally of
salmon. Overall, the ecological health of the Deergood quality. Water right holders on Deer Creek
Creek Ecological Unit is rated above average,have recently expressed interest in developing
Although spring-run chinook salmon and steel-alternative water sources for fishery flows. Water
head populations need to increase in size, theusers are concerned about the depleted status of

the spring-run chinook salmon and have been
working toward mutually acceptable solutions to

Historical Monthly Average Flow restore the fishery.

I 800 I

g 600

I 100 400

0
200

J F M A M J J A S O N D

~ NormalYear N DryYear
1965 1970"1975 1980 1985 1990 1995

Deer Creek Streamflow, 1923-1993 (Dry year is the 20th

I percentile year; normal year is the 50th percentile or median ¯ Deer Creek Fall-run Chinook Salmon Estimates, 1965-1994
year.)
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Sufficient flows permit unobstructed fish passageAdult spring-run chinook salmon oversummering
and cleanse and distribute new spawning gravels,in deep upstream pools are susceptible to
Inadequate flow for upstream passage is the mostpoaching. The remoteness of the spawning area
significant problem on Deer Creek. Flowscontributes toenforcementproblems.
necessary to provide unimpaired migration in the
lower stream section for adult salmon and steel- BIG CHICO CREEK ECOLOGICAL UNIT
head are undetermined but have been estimated to
be 50 cfs at a minimum. Big Chico Creek enters the Sacramento River

5 miles west of the City of Chico. It flows into the
Adequate spawning gravel is found in lower DeerSacramento Valley from the Sierra Nevada
Creek for present population levels of fall-runfoothills, draining a watershed of approximately
salmon and existing gravel sources should be72 square miles. There are no significant
protected. Prior to any effort to supplement impoundments on the stream, and the only major
existing gravelsupplies, a comprehensive analysiswater diversion has been relocated to the
of stream channel dynamics is required. Thismainstem Sacramento River. The stream is the
study should include elements that addressfocal point of the local Chico community. The
geomorphology, sediment transport flows, streamcreek flows through Bidwell Park, downtown
channel meander, sediment sources, and floodChico, and the Chico State University campus.
control needs or requirements. (Bidwell Park is the third largest city park in the

nation.) Lindo Channel is an element of the local
Restoration efforts on Deer Creek will involvesflood control system and originates at the Five.
the ongoing participation and support of localMile Recreation Area. The channel returns water
landowners through the Deer Creek Conservancy,to the creek near its mouth below the City of
a local landowners organization. One role of theChico.
Deer Creek Conservancy is to sponsor the
development ofacooperativewatershed manage-Big Chico Creek has a seasonal flow pattern
ment plan. Plan formulation is in process and willsimilar to that of Antelope Creek with moderate
help to preseive and restore spring-run chinookwinter flows and lower late Spring to early fall
salmon and steelhead trout and other important
attributes of the watershed. The ecological health
of Deer Creek could be maintained by developing
and implementing a comprehensive watershed Historical Monthly Average Flow

management plan.
350

Additional recreation areas must be carefully 300
planned and implemented to preserve existing fish

,-,habitat. Forest management, including reducing
o.~ 200fire fuel loads, will protect riparian habitats and

streamflows and help to prevent excessive
sediment from being washed into the creek.

The riparian corridor needs protection and 0
improvement in the lower and upper river. In the j F Id A Id d J A S O N D

lower river, riparian habitat improvements will be ,~
coordinated with flood control management

L_2 Normal Year ~ Dry Year

activities. Big Chico Creek Streamflow, 1936-1986 (Dry year is the 20th
percentile year; normal year is the 50th percentile or median

year.)
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flow than Mill and Deer Creeks. Peak winter preclude successful spawning. Big Chico Creek
month average flows reach 600-1,500 cfs. In. flows for nearly 11 miles through the City of
driest years, winter flows reach only 20-40 cfs. Chico, much of it through Bidwell Park.
Minimum summer and fall base flows are 15-Vegetation along Big Chico Creek in Bidwell
20 cfs in all but the wettest,years. Park is an excellent example of a mature riparian

community. Lindo Channel functions as a flood
Important resources in Big Chico Creek includerelief channel for Big Chico Creek and supports
spring- and fall-run chinook salmon and steelheadriparian habitat. Both are surrounded by urban and
trout andresidentnativeflshes. Although spring-agricultural uses that could degrade their
run chinook salmon and steelhead populations areenvironmental quality.
very low, factors limiting these population lie
primarily outside of the unit. Some improvementsInadequate flow for upstream passage is the most
in the steelhead trout and spring-run chinooksignificant problem on Big Chico Creek. During
salmon populations can be made if habitat andall but the wetter years, flows in fall remain at
flows can be restored, summer lows. This inhibits and. delays the

upstream fall-run chinook salmon migration.
In 1958, the spring-run chinook salmon popul- Water management operations, such as the flow
ation was estimated at 1,000 adults, although thesplit at Five Mile Diversion Dam, that can

annual probably less than one- flows for should be evaluated.average runwas improve passage
half this amount during the 1950s and 1960s.
Steelhead populations are thought to haveGravel recruitment is limited by existing diversion
averaged approximately 150 returning adultsdams, or gravel is in poor supply from past floods
during this same period. Recent estimates indicateor flood control practices. Existing gravel sources
only a remnant spring-run chinook population, ashould be protected and supplemental gravel
low steelhead population, and a highly variableplaced into the creek channel as needed.
spawning population of fall-run chinook salmon.

Restoration efforts on Big Chico Creek will
In addition, adult spring-run chinook are deterredinvolve the participation and support of local
by intermittent flow in Lindo Channel andlandowners through the Big Chico Creek Task
inadequate fish passage at the One and Five MileForce, a local organization of stakeholders. The
Recreation Areas and at Iron Canyon in upperBig Chico Creek Task Force will be instrumental
Bidwell Park. Marginal spawning and rearingin developing a comprehensive watershed
habitat in Big Chico Creek and Lindo Channelmanagement plan and will assist or sponsor some
below the. Five Mile Recreation Area is used byof the needed restoration elements in the basin.
fall-run chinook salmon. Big Chico Creek and One role of the Big Chieo Creek Task Force will
Lindo Channel are used by many interests for abe to sponsor the development of a cooperative
variety of purposes, including wildlife habitat,watershed management plan that will assist in the
anadromous fisheries reproduction and rearing,effort to preserve and restore spring-run chinook
urban storm drainage, flood control, andsalmon and steelhead trout.
recreation.

The ecological health of the creek could be
Functioning in the flood control and recreationalimproved by developing and implementing a
pool system, the ecological system supports threecomprehensive watershed management plan.
salmonid runs. Without careful coordination,Timber harvest in the upper watershed could
successful management of one use may conflictthreaten loss of holding and spawning areas
with successful management of another. Evenbecause of habitat degradation. Selective harvest
thou.gh excellent spawning gravel exists in Lindoand well-planned road construction may minimize
Channel, in most years,intermittent flows this effect. Additional recreation areas must be

~ ~
Volume 1I: Ecosystem Restoration Program Plan

f~Y4~7;A Butte Basin Ecological Zone Vision
Draft: March 1998

227

C--006849
C-006849



carefully planned and implemented to preserveof Chico. Butte Slough connects with the
existing fish habitat. Forest management, includ-Sacramento River through flap gates in the
ing reducing fire fuel loads, will protect riparianSacramento River levee. These gates may not be
habitats and Streamflows and help to preventopen during the salmon and steelhead migration
excessive sediment from being washed into theperiods.
creek.

Streamflow on Butte Creek is similar to that on
The riparian corridor needs to be protected andDeer Creek, with water from snowmelt and
improved in the lower and upper river. In thesprings to maintain summer and fall flow even in
lower river, riparian habitat improvements will bedrier years. Peak flow in winter of wet years
coordinated with flood control managementreaches 1,000 to 3,000 cfs. In driest years, winter
activities in cooperation with local landowners, flows average only 90 to 120 cfs. Summer and fall

minimum flows generally average 120 to 160 cfs
Salmon and steelhead passage problems at Ironbut may reach only 50 cfs in driest years.
Canyon, One-Mile Pool, and Five-Mile Diversion
will be improved by repairing weirs and fishways.Fall- and spring-run chinook salmon and

steelhead trout exist in Butte Creek. As late as the
Adult spring-run chinook salmon oversummering1960s, Butte Creek supported more than 4,000
in deep upstream pools are susceptible toadult spring-run chinook salmon, a lesser number
poaching. The remoteness 0fthe spawning areasof fall-run chinook salmon, and a small number of
contributes to enforcement problems. Protectsteelhead trout. More recently, the spring-run
holding pools by obtaining willing seller titles orchinook populations have ranged from fewer than
conservation easements on lands adjoining pools.200 adults to more than 1,000. Spring-run chinook

salmon estimates reached a record of more than
BUTTE CREEK ECOLOGICAL UNIT 8,000 in 1995, and Butte Creek demonstrated its

ability to attract a large spring-run chinook
Butte Creek originates in the Jonesville Basin,salmon population with adequate streamflows.
Lassen National Forest, on the western slope ofThe fall-run chinook salmon population varies
the Sierra Nevada. It drains the northeasternbetween a few fish to as many as 1,000. The
portion of Butte County. The creek enters thenumber of steelhead is unknown.
Sacramento Valley southeast of Chico and

Imeanders in a southwesterly direction to the Historical Monthly Average Flow I
initial point of entry into the Sacramento River at I
Butte Slough. A second point of entry into the
Sacramento River (at lower flows) is through the
Sutter Bypass and Sacramento Slough. Butte
Creek drains the foothills just south of the Big
Chico Creek watershed and North Fork of the
Feather River (North Fork) drainage. The upper
Butte Creek watershed (northeast of Chico) has an
area of approximately 150 square miles. Lower
Butte Creek flows parallel to the Sacramento
River for almost 50 miles to the Butte Slough

J F MAM J J A S O N D
outfall. It then continues through the Sutter
Bypass and Sacramento Slough channels to join ~ NormalYear ~ DryYear
the Feather River near the confluence with the Butte Creek Streamflow, 1963-1993 (Dry year is the 20th
Sacramento River, almost 100 miles downstream percentile year; nomaal year is the 50th percentile or median

year.)
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The decline of Butte Creek’s chinook salmon andAdult spring-run chinook salmon migrate into
steelhead populations is attributed to: , Butte Creek during February through June. They

oversummer primarily in pools from the con-
[] inadequate flows, fluence of Little Butte Creek to the Centerville

[] unscreened diversions, Head Dam and begin spawning in late September.
Spring-run chinook fry emigrate as early as

[] inadequate passage over diversion dams, December, whereas smolts emigrate the following

¯ unblocked agricultural return drains thatspring. Generally, adequate migration flow exists
from Centerville Head Dam downstream to theattract and strand adult fish, Western Canal Dam; however, during dry years,

[] poor water quality, and several areas above Western Canal may hinder

[] poaching, upstream passage. In these dry years, adult spring-
run chinook salmon encounter low, warm flows

Nine diversion dams on Butte Creek above Butte
above Western Canal and may become stranded.

Slough supply water for power generation,
Adult fall-run chinook salmon enter lower Butteirrigation, gun clubs, and domestic use. All areCreek during late September and early October.known t.o impair and delay migrating fish. One,Their upstream passage is often blocked by

the Point Four Ranch Dam, was removed in Julydewatered stream reaches caused by diversions1993. Passage at seven of the dams could be
for flooding State and federal refuges and privateimproved by either removing the dam orduck clubs. Below the Western Canal, adult fall-upgrading the ladders. All of the diversions fromrun chinook often encounter impassable barriers,these dams are unscreened, except the diversion at
dewatered areas, silt deposition areas, lack ofthe Parrott-Phelan Dam, which was recentlysuitable gravel, and inadequate cover and shade.screened. Presently, three of the seven dams are
Several barriers exist above the Western Canalbeing removed as part of the Western Canal
that impede the adult migration until high flowssiphon project, and three others (Durham Mutual,occur. Most fall-run chinook salmon spawn in theAdams, and Gorrill) have defined projects to build

or rebuild ladders and fish screens, area from Durham to the Parrott-Phelan Dam,
although some are known to spawn above these
dams. Spawning generally occurs from OctoberThe Centerville Head Dam, immediately below
through December. Fall-run fry begin to emigratethe DeSabla powerhouse, is the upper limit ofduringJanuaryandFebruary,andsmoltsemigrateanadromous fish migration. Water diverted from

three adjacent watersheds commingles with theduring April and May. However, many juveniles
are entrained at the diversions or perish because

natural flows of Butte Creek and often is theof poor water quality.major portion of the flow. Feather River water
enters Butte Creek at two locations: via the WestAlthough little is known about steelhead in Butte
Branch into DeSabla Reservoir and through theCreek, adults probably ascend in the late fall andThermalito Afterbay and the Western Canal.

winter. They probably spawn during winter and
Flows from both Big and Little Chico Creeks
enter Butte Creek from agricultural diversions that

spring in tributaries, such as Dry Creek, and the
mainstem creek abov~ Parrott-Phelan diversion.empty into Little Butte Creek. Flows from the

Sacramento River reach Butte Creek from variousThe water allocation problems in the lower Butte
diversion points, from as far north as the mouth ofCreek system need to be reduced. The diversionBig Chico Creek to the Reclamation District 1004

of water for agriculture, waterfowl refuges, andpumps located near Princeton.
seasonally flooded wetlands should not impair
efforts to rebuild salmon and steelhead stocks.
Butte Creek water management is extremely
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complex. Maintaining adequatefisheryflowswillecological health of Butte Creek. This con-
require close coordination among all water users~ servancy comprises local stakeholders who work
in the basin. Extension of State Watermasterclosely with federal and State resource agencies to
Service into the lower reach of Butte Creekmaintain and restore habitats along the creek. The
shoul~l be considered to fulfill these managementButte Creek Watershed Conservancy will be
goals. This extension, however, requires the Stateinstrumental in developing a comprehensive
Water Resources Control Board to adjudicate watershed management plan. It will assist or
water below the Western Canal siphon. The areasponsor some of the needed restoration elements
above is adjudicated. State Watermaster Servicein the basin, including improving streamflows for
presently exists down to Western Canal.gravel recruitment and fish passage. The
Extension of this service below Western Canalmanagement plan will help to preserve and restore
would require adjudication of the remaining waterspring-run chinook salmon and steelhead trout.
rights. Wildlife refuges and hunting clubsThe ecological health of the creek also could be
dependent on Butte Creek water provide some ofimproved by developing and implementing a
the most valuable wildlife and waterfowl habitatcomprehensive watershed management plan.
in the Sacramento Valley. The timing of waterCurrent timber harvest in the upper watershed is
needs conflicts among duck clubs, agriculture,generally not a threat to chinook salmon or
and the anadromous fisheries, steelhead holding and spawning areas.

Maintaining the existing harvest and well-planned
Seasonal flooding of refuges and duck clubsroad construction will minimize any future
conflicts with flows needed for spawning fall-runeffects. Additional recreation areas must be
chinook salmon. Rice field irrigation overlapscarefully planned and implemented to preserve
with the need for transportation flows for bothexisting fish habitat. Forest management, includ-
spring-run adults and juvenile salmon in April anding reducing fire fuel loads, will protect riparian
May. Evaluating and determining water rights,habitats and streamflows and help to prevent
water use, and instream flow needs will be a long-excessive sediment from being washed into the
term effort requiring the involvement of irrigationcreek.
districts, private landowners, and agency
personnel. Rebuilding salmon runs in Butte CreekThe riparian corridor needs to be protected and
will require a negotiated balance among wildlife,improved in the lower and upper river. In the
agriculture, and fishery needs. Flow improve-lower river, riparian habitat improvements will be

be gained by providing minimum flow coordinated with flood control managementmentscan
requirements below diversions and acquiringactivities in cooperation with local landowners.
existing water rights from willing sellers.

Salmon and steelhead passage will be provided at
It is generally believed that gravel recruitment indiversion dams, . including Western Canal,
the upper sections is not affected by existingDurham Mutual, Adams, Gorrill, McGowan, and
diversion dam since they are either seasonalMcPherrin. In some cases, dams will be removed.
agricultural dams or relatively low-headIn others, fish ladders will be constructed or
hydropower dams which have not had majorupgraded. Migration into lower Butte Creek via
impacts on gravel recruitment of sediment supply.Butte Slough and the Sutter Bypass is the present
Existing gravel sources should be protected andmeans for salmon and steelhead passage to and
supplemental gravel placed into the creek channelfrom Butte Creek. Gates on the Sacramento River
as needed, at the head of Butte Slough could be modified and

operated to allow year-round passage of both
The Butte Creek Watershed Conservancy is anjuveniles and adult fish. There may also be
important organization in developing, evaluating,improvements in the operation of weirs and
and implementing measures to improve the
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diversions in the Sutter Bypass channels thatwillwill be attained when the status of specific
improve the survival of salmon and steelhead. ¯ biological resources is no longer a problem in the

Delta. To attain this vision, this will seekprogram
BUTTE SlNK ECOLOGICAL UNIT to improve streamflow and riparian corridors,

screen diversions, remove barriers to fish
The Central Valley is one of the most importantmigration, and restore watershed health through
waterfowl wintering areas in the Pacific Flyway.improved forest and rangeland management.
In recognition of the value of waterfowl through-
out North America, the Central Valley Habitat The vision for the Butte Basin Ecologica! Zone
Joint Venture was formed to protect and restorefocuses on restoring physical processes and
wetlands in the Central Valley. The Butte Sink ishabitats and reducing stressors to meet spring-run
one of the important elements of this venture,chinook salmon and steelhead population levels of
There are 11,363 acres of publicly owned andthe late 1960s and early 1970s. In addition,
managed waterfowl habitat in the area, includingimprovements in the riparian corridors will
the Butte Sink National Wildlife Refuge (733 provide improved habitat for waterfowl and other
acres), Gray Lodge Wildlife Area (8,375 acres), wildlife. The program proposes targets and
Upper Butte Sink unit of Gray Lodge (3,750 actions that will increase protection for naturally
acres). The Gray Lodge WA is natural habitat inproduced chinook salmon and steelhead as they
complex of wetlands and associated uplandsrear and migrate to the mainstem Sacramento
whereas the Upper Butte Sink Unit and Butte SinkRiver. Important actions to improve survival
NWR are mostly agricultural land that will reinclude maintaining and restoring a healthy
restored to natural habitat. Hunting clubs maintainriparian zone, which includes ample shaded
more than 30,000 acres of habitat in a normalriverine aquatic (SPA)habitat, woody debris, and
year. Of this total, about 18,000 acres are naturalbiologically productive gravel beds for fish
wetlands and 12,000 acres are harvested ricespawning and invertebrate production. The vision
fields flooded for hunting. Currently, 5,350 acresalso anticipates screening many small water diver-
of private duck clubs are permanently protectedsions and providing sufficient flows during
by USFWS Conservation Easements in the Butteimportant periods of adult migration and juvenile
Basin. The National Audubon Society owns andemigration.
manages another 500 acres of wetlands at the Paul
L. Wattis Audubon Sanctuary west of Butte Creek The Ecosystem Restoration Program Plan (ERPP)
(Central Valley Habitat Joint Venture 1990). recommends the following approaches for restor-

ing the B~tte Basin Ecological Zone.
The area is also seasonally important for salmon
and steelhead passage between the Sacramento VISIONS FOR ECOLOGICAL UNITS
River and holding, spawning, and rearing areas of
the creeks. The sink is predominately wetlands PAYNES CREEK ECOLOGICAL UNIT
interspersed with riparian vegetation all of which
is subject to frequent natural seasonal flooding,The vision for the Paynes Creek Ecological Unit
which are major reasons for its importance to fishis to improve steelhead trout and fall-run chinook
and wildlife, particularly waterfowl, salmon populations by improving streamflows

and gravel spawning habitat. Paynes Creek can
VISION FOR THE ZONE make minor but important contributions to the

upper Sacramento River runs of these fish if
The vision for the Butte Basin Ecological Zoneadequate holding, spawning, rearing, and
includes restoring important fishery, wildlife, andmigration habitat are provided. Adequate
plant communities to health. Generally, healthstreamflows are important for maintaining and
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restoring the connectivity of upstream spawningsteelhead, both of which are problems in the
and nursery areas with the mainstem Sacramento~ Delta, and populations of other chinook salmon
River. Sufficient flows must be provided to and resident native fish. The vision for Deer
cleanse and distribute new spawning gravels. TheCreek is to increase chinook salmon and steelhead
riparian corridor needs significant improvement inruns by maintaining adequate streamflows,
several areas; some have been denuded and willspawning gravels, fish passage, protecting and
require significant revegetation, restoring riparian corridors, and maintaining

upper watershed health. This is being
ANTELOPE CREEK ECOLOGICAL UNIT accomplished by a locally sponsored

comprehensive watershed management and
The vision for the Antelope Creek Ecological Unit restoration program which is supported by many
is to increase chinook salmon and steelhead runsstate and federal agencies.
by improving fall and spring flows, increasing
spawning gravels, screening diversions, and BIG CHICO CREEK ECOLOGICAL UNIT
restoring riparian corridors. With adequate flows
and improved spawning and rearing habitat,The vision for the Big Chico Creek Ecological
salmon and steelhead runs could approachZone is to increase runs of chinook salmon and
historical levels, steelhead by providing adequate streamflows,

providing unobstructed fish passage, protecting
MILL CREEK ECOLOGICAL UNIT and restoring riparian corridors, and maintaining

upper watershed health. This could be accom-
Mill Creek is an important ecological unit in theplished by implementing a locally sponsored
Butte Basin Ecological Zone. It provides valuablecomprehensive watershed management and
habitat for anadromous and native resident fish.restoration program.
The vision for the Mill Creek Ecological Unit is to
increase spring- and fall-run chinook salmon and BUTTE CREEK ECOLOGICAL UNIT
steelhead by maintaining adequate streamflows,
restoring riparian corridors, and maintainingThe vision for the Butte Creek Ecological Unit is
upper watershed health. This could berestoring spring-run chinook salmon and steelhead
accomplished by implementing a locallypopulations by improving fish passage, increasing
sponsored comprehensive watershed managementand improving streamflow, consolidating and
and restoration program, and by implementingscreening diversions, and protecting and restoring
actions recommended for the Sacramento River,the riparian corridor. These improvements will
Delta, and Suisun Mash ecological zones. It ishelp to restore and maintain habitats needed to
important to note that Mill Creek’s undisturbedsupport a large population of spring-run chinook
condition offers holding and spawning habitatsalmon and modest populations of. fall-run
which is essentially unchanged from historicchinook salmon and steelhead trout. Screening
times. Restoration of the creek’s anadromous fishwill allow continued water diversion for agricul-
populations may depend on. the success oftural purposes and for the seasonal flooding of
downstream restoration actions, private wetlands and adjacent wildlife refuges.

Restoring habitat in Butte Creek would allow the
DEER CREEK ECOLOGICAL UNIT spring-run and fall-run chinook population to

achieve increased annual spawning populations.
The Deer Creek Ecological Unit is one of the
more important ecological units in the Butte Basin
Ecological Zone. It provides for highly valued
populations of spring-run chinook salmon and
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BUTTE SINK ECOLOGICAL UNIT riparian systems, wildlife, and aquatic species.
The vision is that streams will be allowed to

The vision for the Butte Sink Ecologica! Unitnaturally migrate consistent with flood control
includes restoring stream channels, streamflow,requirements.
and riparian SRA habitat, as well as adjacent
wetland habitat. ERPP also envisions restoring or UPPER WATERSHED PROCESSES
maintaining stream channels, streamflows, and
SRA habitat to improve rearing and migratingWatershed health is restored by reducing fire fuel
conditions for salmon and steelhead and toloads and improving forest managementpractices
improve habitats for resident native fishes, such as(e.g., timber harvest, . road building, and
the Sacramento splittail, maintenance). The vision is that upper watershed

planning and management will provide high

VISIONS FOR ECOLOGICAL quality water to the system and that the watershed

PROCESSES
will function to naturally regulate flows into the
system throughout the year.

CENTRAL VALLEY STREAMFLOW
VISIONS FOR HABITATS

Healthy streamflows are required to sustain
sediment transport, stream meander, riparian plant SEASONAL WETLAND HABITAT

communities and aquatic organisms. The vision is
that streamflows will emulate (imitate) the naturalThe vision is that increased seasonal flooding of
seasonal runoffpattem. This would include a late-leveed lands, use of the Butte Sinks’s natural
summer or early fall flow event to sustainflood detention capacity, protection and
ecological processes related to channelenhancement of existing wetlands, and
maintenance. Such flows would attract anddevelopment of cooperative programs with local
improve the upstream migration of adult chinooklandowners will contribute to increased habitats
salmon, for waterfowl and other wetland dependent fish

and wildlife resources such as shorebird, wading
NATURAL SEDIMENT SUPPLY birds, and the giant garter snake.

Natural sediment supplies and gravel recruitment RIPARIAN AND RIVERINEAQUATIC
below major dams have been eliminated. HABITATS

Supplementing gravel and other sediments at
those sites and reactivating sediment in Habitats important to anadromous fish productiontransport
lower creek sections would assist in maintainingin this ecological zone are impaired by land use
ecological processes and important habitatactivities, including developments along the
substrates used for invertebrate production andstream corridors. Improvements are needed to
fish spawning. The vision is that existing naturalrestore riparian, shaded riverine (of rivers) aquatic
sediment supplies will be protected to maintain(SRA), and woody debris habitats. These, in turn,
stream channel gradients, provide gravel forwill support improved aquatic species survival..
spawning and invertebrate production, andThe vision is that the riparian system will provide
contribute to maintaining riparian vegetation, shading to moderate water temperatures, provide

habitat for aquatic species, and provide a
STREAM MEANDER migration corridor for birds and other terrestrial

species.
A natural stream meander process will provide
much of the habitat needed to support healthy
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AGRICULTURAL LANDS HARVEST OF FISH AND WILDLIFE

Improving habitats on and adjacent to agricultural .The legal and illegal harvest of chinook salmon 1
lands in the Butte Basin Ecological Zone willand steelhead in the streams, Bay-Delta, and
benefit native waterfowl and wildlife species,ocean constrain the recovery of wild populations.
Emphasizing certain agricultural practices (e.g.,Harvest rate reductions will be necessary to allow
winter flooding and harvesting methods that leaverecovery ofpopulati6ns. The vision is that harvest
some grain in the fields) will also benefit manywill not impair efforts to rebuild chinook salmon
wildlife that seasonally use these importantand steelheadpopulations. 1
habitats.

ARTIFICIAL PROPAGATION OF FISH

VISIONS FOR REDUCING OR
ELIMINATING STRESSORS The artificial production of chinook salmon and

steelhead supports important sport and corn-
WATER DIVERSIONS                 mercial fisheries and mitigates loss of salmon and

steelhead habitat that resulted from dam con-
struction. Due to release practices, fish from

Removing water through unscreened diversions isseveral Central Valley hatcheries supplement thea direct source of young fish mortality. Reducingnaturally spawning salmon and steelhead in the
these losses would contribute to overall ecosystemSacramento River and its tributaries. Hatchery
health by promoting sustainable fisheries andsalmon and steelhead may impede the recovery of
higher population levels. The vision is thatwild populations by competing with wild stocks /alternative water sources will reduce reliance onfor resources. Hatchery-raised stocks, because of
instream diversions and that water will beinterbreeding, may not be genetically equivalent
diverted in a manner that does not impair effortsto wild stocks or may not have the instincts to
to restore aquatic species and riparian habitat, survive in the wild. If these stocks breed with wild |

DAMS, RESERVOIRS, AND OTHER
populations, overall genetic integrity suffers.
Improvements in hatchery practices are necessary

STRUCTURES to ensure recovery of wild salmon and steelhead
populations. The vision is that hatchery practices

Improve the opportunity for the successfulthroughout the Sacramento Valleywillnotimpair
upstream and downstream migration ofthe genetic integrity or identity of chinook salmon
anadromous fish species. The vision is thatand steelhead in the Butte Basin Ecological Zone.
instream structures will not impair the up- and
downstream migration of aquatic species. VISIONS FOR SPECIES

LAND USE                       FALL-RUN. CHINOOK SALMON

Land use practices have contributed to the decline
Fall-run chinook will directly benefit from

in riparian health; impaired gravel recruitment,
cleansing, and transport capabilities; and resulted

restoration actions to improve ecological

in an ecosystem health decline. The vision is thatprocesses and habitat, and by reducing stressors
that reduce juvenile and adult fish survival. Theland use practices contribute to the restoring
vision is that fall-run chinook salmon will beimportant habitats;andspecies.processes, sustained at levels that fully use existing and
restored habitat.

!
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SPRING-RUN CHINOOK SALMON INTEGRATION WITH OTHER

Spring-run chinook will directly benefit from RESTORATION PROGRAMS
restoration, actions to improve ecological
processes and habitats, and by reducing stressors WATERSHED ORGANIZATIONS
that reduce juvenile and adult fish survival. The
vision is that adult and juvenile spring-run MILL CREEK CONSERVANCY
chinook salmon will fully use existing and
restored habitat. The Mill Creek Conservancy is spearheading a

cooperative approach to watershed management
STEELHEAD with special emphasis on protecting and

enhancing chinook salmon and steelhead habitat.
Steelhead will directly benefit from restorationIn December 1994, the Conservancy developed a
actions to improve ecological processes andMemorandum ofUnderstanding(MOU)tocreate

habitats, and by reducing stressors that reducea Mill Creek Watershed Management Strategy.
juvenile and adult fish survival. The vision is thatThere are 17 partners to the MOU, including the
steelhead will fully use existing and restoredU.S. Forest Service, California Department of
habitat. Fish and Game (DFG), Bureau of Land

Management, California Department of Water
GIANT GARTER SNAKE Resources (DWR), The Nature Conservancy,

Natural Resource Conservation Service, Los
The vision for the snake is to assist in Molinos School District, and others. In thegiantgarter 1995,
its recovery in order to contribute to the overallConservancy secured funding and developed a
species richness and diversity. Achieving thiswork program for a cooperative, local resource
vision will reduce the conflict between protectionmanagement approach. In 1996, a wide range of
for this species and other beneficial uses of landstakeholders participated in eight Scoping Study
and water in the Bay-Delta. Protecting existingsessions to discuss goals and project priorities.
and restoring additional suitable wetland andThe result was the Mill Creek Watershed
upland habitats will be critical to achievingManagement Strategy Report, which contained 13
recovery of the giant garter snake. The proposedrecommendations from the Watershed Advisory
restoration of aquatic, wetland, riparian, andCommittee. The USFWS, through the CVPIA, has
upland habitats in the Butte Basin Ecologicalprovided funding for riparian restoration projects
Zone will help in the recovery of these species byalong lower Mill Creek. Planting and monitoring
increasing habitat quality and area., will be done over a three-year period.

WATERFOWL DEER CREEK WATERSHED CONSERVANCY

.Many species of resident and migratory.waterfowlThe Deer Creek Watershed Conservancy was
will benefit from improved aquatic, wetland,created by the property owners within the
riparian, and agricultural habitats. Increase use ofdrainage to protect Deer Creek’s unique
the Butte Basin Ecological Zone, particularly inecological values: The Conservancy provides a
the Butte Sink Ecological Unit, and possiblyforum for all stakeholders to become involved in
increases in some populations would be expected,the watershed and to share ideas regarding land

use decisions. The processes used by the
Conservancy helps build a common information
base, keeps communication channels open, and
establishes trust and credibility thoseamong
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wishing to protect and enhance the watershed. TheConservancy, and the California rice industry.
first act of this conservancy was to author and: Overall efforts will require cooperation from
initiate legislation to prevent the construction ofresource agencies, such as DFG, DWR, U.S. Fish
any new dams within the watershed, and Wildlife Service (USFWS), and the National

Marine Fisheries Service (NMFS), as well as
BUTTE CREEK WATERSHED participation and support from the U.S. Bureau of

CONSERVANCY Reclamation (Reclamation), the Natural
Resources Conservation Service, and other private

The Butte Creek Watershed Conservancy wasorganizations, water districts, and individual
formed to provide a forum for communication landowners. These groups are expected to Work
among stakeholders and property owners in thetogether to maintain and restore streamflows and
watershed and to develop a watershed planningfish and wildlife habitat, reduce impacts of
and management program, diversions, and minimize poaching and habitat

and water quality degradation in basin streams.
BIG CtIICOCREEKTASKFORCE ERPP may provide supporting funding for

enhancing streamflows, reducing fish passage
The Big Chico Creek Task Force was sponsored problems, screening diversions, restoring habitats,
by the City of Chico to address specific problemsand increasing Fish and Game Code enforcement
in the watershed. Still active, it has the potentialto protect recovering populations of salmon and
to serve as the public forum to bring togethersteelhead.
stakeholders, landowners, and technical experts to
develop a watershed management program for CENTRAL VALLEY PROJECT
Big Chico Creek. IMPROVEMENT ACT

FOUR PUMPS AGREEMENT The U.S. Fish and Wildlife Service (USFWS) and
the Bureau of Reclamation (Reclamation) are

(Agreement Between the Department of Waterimplementing the Central Valley Project
Resources and the Department of Fish and GameImprovement Act (CVPIA), which provides for
to Offset Direct Fish Losses in Relation to therestoration of habitats and species and elimination
Harvey O. Banks Delta Pumping Plant.) Thisof many stressors. Key elements of the CVPIA
agreement between the Departments of Waterprogram include the Anadromous Fish
Resources and Fish and Game is a mutuallyRestoration Program (USFWS 1997) and the
beneficial program to protect and restore habitatAnadromous Fish Screening Program. The
for anadromous fish, particularly for chinookCVPIA calls for doubling the salmon and
salmon. Project-by-project funding is available steelhead populations in the Butte Basin by 2002.
through this agreement. Projects that provide
quantifiable benefits to spring- and fall.run SALMON~STEELHEADANDANADROMOUS

chinook salmon, within specified cost-benefit FISItERIES PROGRAM ACT
parameters, are generally approved for funding.

Established in 1988 by Senate Bill 2261, this Act
Maintaining and restoring the ecological health ofdirects the DFG to implement measures to double
the Butte Basin Ecological Zone units will heavilythe numbers of salmon and steelhead present in
depend on local watershed groups. The ERPPthe Central Valley (CDFG 1993). The DFG’s
encourages similar watershed groups on Paynessalmon and steelhead restoration program
and Antelope Creeks. Efforts in the Butte Basinincludes cooperative efforts with local
will be linked to the California Waterfowl governments and privateJandownersto identify
Association,Ducks Unlimited, The Nature problem areas and assist in obtaining funding for
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feasibility studies, environmental permitting, andIMPLEMENTATION OBJECTIVES~
project construction.

~ TARGETS~ AND PROGRAMMATIC
Other efforts to improve habitat and reduce ACTIONS
stressors will be coordinated with existing state
and federal programs and with stakeholder for the Butte BasinTargetsdeveloped Ecological
organizations. Their objectives include restoringZone can be classified by their reliability in
Central Valley habitat and fish and wildlifecontributing to attainment¯f the implementation
populations~ objectives. The target classification system used

in the following section is as follows:
CENTRAL VALLEY HABITAT JOINT

VENTURE Class Description
¯ Target for which additional research,

The Central Valley Habitat Joint Venture and the demonstration, and evaluation is needed to
North American Waterfowl Management Plan determine feasibility or ecosystem response.
have developed objectives for wetlands in the
Butte Basin Ecological Zone. These objectives arē ¯ Target which will be implemented in stages
consistent with the ERPP targets developed for with the appropriate monitoring to judge
this ecological zone. benefit and success.

LINKAGE TO OTHER 00¯ Target that has sufficient certainty of success
to justify full implementation in accordance

ECOLOGICAL ZONES with adaptive management, program priority
setting, and phased implementation.

Many of the resource elements in the Butte Basin
Ecological Zone depend heavily on conditions or ECOLOGICAL PROCESSES
elements in othei- zones. Anadromous fish, for
example, are highly migratory and depend on CENTRAL VALLEY STREAMFLOW
conditions in the mainstem Sacramento River,
Delta, San Francisco Bay, and nearshore PacificIMPLEMENTATION OBJECTIVE: The implemen-
Ocean. Because these fish are affected bytation objective for Central Valley streamflows is
stressors throughout their range, such asto restore basic hydraulic conditions to reactivate
unscreened diversions, c~ntaminants, waterand maintain ecological processes that create and
quality, harvest, and a variety of other factors,sustain habitat required for healthy fish, wildlife,
restoring anadromous fish populations in theand plant populations..
Butte Creek Ecological Zone will require efforts
in other zones. TARGET 1: Increase spring and fall flow in

Paynes Creek (¯).
Reducing or eliminating stressors in the down-
stream ecological zones and improving orPROGRAMMATIC ACTION 1A: Develop a

cooperative approach to increase flow in Paynesrestoringdownstreamhabitatare importantto
restoring healthy fish, wildlife, and plantCreek by acquiring water from willing sellers or
communities in the Butte Basin Ecological Zone.by developing alternative supplies.

TARGET 2: Increase flow in Antelope Creek
during October 1 through June 30 (¯).
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PROGRAMMATIC ACTION 2A: Develop a successful upstream passage of adult fish. In
cooperative approach to increase flow in Antelopeaddition, flow is the power that drives many
Creek. This involves acquiring water from willingecological functions and processes linked to
sellers or providing alternative water supplies tostream channel morphology,    riparian
diverters during the upstream and downstreamcommunities, and fish habitat. Many of the
migration of adult and juvenile spring- and fall-diversions on these streams are for agricultural
run chinook salmon and steelhead trout, purposes, and alternative water supplies during

important periods could permit flow to remain in
TARGET 3: Increase the flow in Mill Creek (.). the creek while alternative sources are PrOvided.

The lower watersheds of many of these streams
PROGRAMMATIC ACTION 3A: Develop a are being subdivided, and additional demands are
cooperative approach to increase flow in the lowerbeing placed on the limited water supplies and
8 miles of Mill Creek. This involves acquiring instreamflows. Two important periods are during
water from willing sellers or by providing the upstream migration of adult spring-run
alterative water supplies to diverters during thechinook salmon and the downstream migration of
upstream migration of adult salmon and steelhead,yearling spring-run Chinook salmon and

steelhead, which typically occurs in late winter
TARGET4: Increase flow in the lower 10 miles of and early spring. Water diversions often shorten
Deer Creek (¯). the migration season, when streamflows naturally

decline. This is the period when supplemental or
PROGRAMMATIC ACTION 4A: Develop a alternative water supplies could be best used.
cooperative approach to increase flow in the lower
section of Deer Creek. This involves innovative NATURAL SEDIMENT SUPPLY
means to provide alternative supplies during the
upstream migration of adult spring-run and fall-IMPLEMENTATION OBJECTIVE: The implementa-
run chinook salmon and steelhead trout, tion objective for natural sediment supply is to

-establish sufficient quantities to riverine and
TARGET 5: Increase flow in Butte Creek (~). estuarin.e systems to restore or reactivate stream

channel meander and point bar formation, provide
PROGRAMMATIC ACTION 5A: Develop a sediments to rebuild wetlands and shallow-water
cooperative approach to increase .flow in Buttehabitats, and provide for nutrient transport.
Creek by acquiring water from willing sellers.

TARGET 1: Develop a cooperative program to
TARGET6: Maintain a minimum year-round flow replenish spawning gravel in Big Chico Creek ....
of 40 cfs in Butte Creek between the CentervilleEspecially target stream reaches that have been
Diversion Dam and the Centerville Powerhousemodified for flood control so that there is no net
(~’). loss of sediments transported through the

Sycamore, Lindo Channel, and Big Chico Creek
PROGRAMMATIC ACTION 6A: Develop a split(#~).
cooperative program with PG&E to maintain a
minimum flow in Butte Creek below the PROGRAMMATIC ACTION 1A: Assist in the
Centerville Diversion Dam. redesign and reconstruct the flood control box

culvert structures on Big Chico Creek near the
RATIONALE: The streams in the Butte Basin Five-Mile Recreation Area to allow the natural
Ecological Zone provide extremely valuable downstream sediments transport.
habitat for spring-run chinook salmon and
steelhead trout. One of the key attributes of
streamflow in this ecological zone is providing for
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TARGET2: Develop a cooperative program to facilitate fish passage by minimizing water
improve fall-run chinook salmon spawning habitat. infiltration through the streambed and maintaining
in the lower 8 miles of Mill Creek (~). flow connection with the Sacramento River.

PROGRAMMATIC ACTION 2A: Develop a cooper- RATIONALE." Stream meander belts are the areas
ative program to improve chinook salmonin whichnaturalbankerosionandfloodplainand
spawning habitats in lower Mill Creek by sediment bar accretions occur along streams.
reactivating and maintaining natural sedimentNatural stream meander belts in alluvial areas of
transport processes, the Butte Basin Ecological Zone function

dynamically. They transport and deposit sedi-
TARGET 3: Improve spawning gravel and gravelments andprovide transient habitats important to
availability in Butte Creek (~). aquatic invertebrates and fish. They also provide

and maintain surfaces that are colonized by
PROGRAMMATIC ACTION 3A: Develop a cooper- natural vegetation that supports wildlife. The
ative program to improve spawning habitat inlower valley stream reaches in this ecological
Butte Creek by maintaining natural sedimentzone serve as important migratory corridors to
transport processes, the upper watersheds for spring-run chinook

salmon and steelhead and provide spawning
RATIONALE: Gravel and deposition substrate for fall-run chinook salmon.transport
processes in Butte Basin Ecological Zone streams
are essential. These processes maintain spawning UPPER WATERSHED PROCESSES
and rearing habitats of spring-run and fall-run
chinook salmon, steelhead trout, and other native IMPLEMENTATION OBJECTIVE: The
fishes~ Opportunities to maintain and restore implementation objective for upper watershed
gravel recruitmentarepossible by manipulating health and function is to restore ecological
natural processes and controlling or managing processes in the upper watersheds to maintain and
environmental stressors that adversely affect improve the quality and quantity of water flowing
gravel recruitment, into the tributaries and rivers of the Sacramento-

San Joaquin Delta and San Francisco Bay.
STREAM MEANDER

TARGET 1: Restore upper watershed processes
IMPLEMENTATION OBffECTIVE: The implemen- (~).
tation objective for stream meander is to maintain,
improve, or restore natural stream meanderPROGtULMMATICACTIONIA: Reduce excessive
processes to allow the natural recruitment of’fire fuel loads in upper watersheds.
sediments, create habitats, and promote riparian
succession. ]PROGRAMMATIC ACTION 1B: Improve forestry

management practices, including harvest,timber
TARGET 1’: Preserve or restore the 50- to 100-yearroad building and maintenance, and livestock
floodplains along the lower reaches of streams ingrazing practices.
the Butte Basin Ecological Zone, and construct
setback levees to reactivate channel meander inPROGRAMMATIC ACTION lC: Develop a
areas presently confined by levees (~). watershed management plan.

PROGRAMMATIC ACTION 1A: Cooperatively RATIONALE: Improved watersheds processes will
evaluate whether a more defined stream channelmaintain and restore seasonal water runoff
in the lower 10 miles of Antelope Creek would
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patterns, water yield, and water quality and PROGRAMMATIC ACTION 2A: Restore and
reduce sediment load to downstream storage manage seasonal wetland habitat throughout the
reservoirs (reducing storage capacity and ecological zone.
improving water quality). Healthier watersheds
will also provide ancillary benefits to upper RATIONALE~ Restoring seasonal wetland habitats
watershed habitats and species, along with aquatic, permanent wetland, and

riparian habitats is an essential element of the
I-IABITATS restoration strategy for the Butte Basin

Ecological Zone. Restoring these habitats will
SEASONAL WETLANDS also reduce the amount and concentrations of

contaminants that could interfere with restoring

IMPLEMENTATION OBJECTIVE: Restore and the ecological health of the aquatic ecosystem.

manage seasonal wetland habitat to: Seasonal wetlands support a highproduction rate
of primary and secondary food species and large

[] restore foodweb and floodplain processes,         blooms (dense populations) of aquatic
invertebrates.

[] reduce the effects of contaminants and water
management on the Delta’s aquatic resources;Wetlands that are dry in summer are also efficient

sinks for the transformation of nutrients and theand
breakdown of pesticides and other contaminants.

[] provide high-quality foraging and restingThe roughness of seasonal wetland vegetation

habitat for wintering waterfowl, greaterfilters and traps sediment and organic

sandhill cranes, and migratory and winteringparticulates. Water flowing out from seasonal

shorebirds, wetlands is typically high in foodweb prey species
concentrations and fine particulate organic

This will help to restore and maintain thematter that feed many Delta aquatic and

ecological health of the aquatic resources in andsemiaquatic fish and wildlife. To capitalize on
dependent on the Delta. these functions, most of the seasonal wetlands of

" the Butte Basin Ecological Zone should be subject

TARGET 1." Assist in protecting 10,000 acres of to periodic flooding and overland flow from river

existing seasonal wetland habitat through feefloodplains.

acquisition or perpetual easements consistent with
the goals of the Central Valley-Habitat Joint RJPARIAN AND RIVERINEAQUATIC

Venture and the North American Waterfowl I-IABITATS

Management Plan (~).
IMPLEMENTATION OBJECTIVE: The implementa-

PROGRAMMATIC ACTION 1A: Develop and ¯ion objective for riparian and riverine aquatic
implement cooperative habitats is to restore riparian scrub, woodland, anda programto improve
management of 10,000 acres of existing, degraded ~forest habitat along largely nonvegetated
seasonal wetland habitat, riprapped banks of Delta island levees, the

Sacramento and San Joaquin Rivers, and major
TARGET 2: Develop and implement a cooperativetributaries of the Sacramento and San Joaquin
program to enhance 26,150 acres of existingRivers. This would create riparian vegetation
public and private seasonal wetland habitatcorridors. These corridors provide shaded riverine
consistent with the goals of the Central Valleyaquatic cover for anadromous and other fish
Habitat Joint Venture and the North American species and create high-quality habitat for
Waterfowl Management Plan (~).
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associated special-status plant and animal speciesspecies than all other habitat types in California.
and other wildlife. Riparian habitat degradation and loss have

substantially reduced the habitat area available
TARGET 1: Develop a cooperative program to for associated wildlife species. This habitat loss
restore and maintai.n riparian habitat along thehas reduced water storage, nutrient cycling, and
lower 10 miles of Mill Creek (,,,). foodweb support functions.

PROGRAMMATIC ACTION 1A: Develop a AGRICULTURAL LANDS
cooperative program to restore and maintain
riparian habitat along Mill Creek by acquiring IM~’LEMENTATION OB.mCTWE: Cooperatively
conservation easements or by voluntary land-manage agricultural lands to provide high quality
9wnerparticipation. wildlife values for associated species, and

maintain or increase the economic viability of
TARGET 2: Develop a cooperative program to agricultural lands.
restore and maintain riparian habitat along the
lower 10 miles of Deer Creek (4~4~4~).                TARGET 1: Cooperatively manage 108,832 acres

of agricultural lands (4,,).
PROGRAMMATIC ACTION 2A: Develop a
cooperative program to restore and maintainPROGRAMMATIC ACTION1A: Increase the area of
riparian habitat along Deer Creek by acquiringrice fields and other crop lands flooded in winter
conservation easements or by voluntary land-and spring to provide high-quality foraging
owner participation, habitat for and waterfowl andwintering migrating

shorebirds and associated wildlife.
TARGET 3: Develop a cooperative program to
restore and maintain riparian habitat along BigPROGRAMMATIC ACTION 1B: Convert
Chico Creek (,,,). agricultural lands in the Butte Basin Ecological

Zone from crop types of low forage value for
PROGRAMMATIC ACTION 3A: Cooperate with wintering waterfowl and other wildlife to crop
local landowners to encourage revegetation oftypes of greater forage value.
denuded stream reaches and to establish, restore,
and maintain riparian habitat on Big Chico Creek.PROGRAMMATIC ACTION 1C: Defer fall tillage

on rice fields in the Butte Basin Ecological Zone
TARGET 4: Develop a cooperative program to to increase the forage for wintering waterfowl and
restore and maintain riparian habitat along Butteassociated wildlife.
Creek (,~).

RATIONALE: Following the extensive loss of
PROGRAMMATIC ACTION 4A: Cooperate with native wetland habitats in the Central Valley.
local to encourage revegetation some wetland wildlife species have adapted to thelandowners of
denuded stream reaches and to establish, restore,artificial wetlands of some agriculturalpractices
and maintain riparian habitat on Butte Creek. and have become dependent on these wetlands to

their populations. Agriculturallysustain created
RATIONALF.: Many wildlife species, including wetlands include rice lands," fields flooded for
several listed as threatened or endangered under weed and pest control; stubble management; and
the State and federal Endangered Species Acts tailwater circulation ponds.
(~.SAs), and several special-status plant species in
the Central Valley, depend on or are closely Managing agricultural lands to increase forage
associated with riparian habitats. Riparian for waterfowl and other wildlife will increase the
habitats support a greater diversity of wildlife
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survival rates of overwintering wildlife and PROGRAMMATIC ACTION IA: Improve the
strengthen them for migration, thus improving , survival of juvenile chinook salmon and steelhead
breeding success (Madrone Associates 1980) in Butte Creek by helping to the install screened

portable pumps as an alternative to the Little Dry
Creating small ponds on farms with nearby Creek diversion.
waterfowl nesting habitat but little brood habitat
will increase production of resident waterfowl PROGRAMMATIC ACTION 1B: Increase the
species when brood ponds are developed and survival of juvenile chinook salmon and steelhead
managed properly. Researchers and wetland in Butte Creek by helping local interests to install
managers with the DFG, U.S. Fish and Wildlife positive-barrier fish screens at the Durham-
Service and the California Waterfowl Association Mutual Diversion Dam.
have found that well managed br6od ponds
produce the high levels of invertebrates needed to PROGRAMMATIC ACTION 1C: Increase the
support brooding waterfowl. Other wildlife such survival of juvenile chinook salmon and steelhead
as the giant garter snake will also benefit, in Butte Creek by helping local interests to install
Restoring suitable nesting habitat near brood positive-barrier fish screens at Adams Dam.
ponds will increase the production of resident
waterfowl species. I~ROGRAMMATIC ACTION 1D: Increase the

survival of juvenile salmon and steelhead in Butte
Restoring nesting habitat, especially when it is Creek by he!ping local interests to install positive-
near brood ponds, will increase the production of barrier fish screens at Gorrill Dam.
resident waterfowl species. When the restored
nesting habitat is properly managed, large, PROGRAMMATIC ACTION 1E: Increase the
ground predators are less effective in preying on survival of juvenile salmon and steelhead in Butte
eggs and young of waterfowl and other ground Creek by evaluating the need to install a positive-
nesting birds. Managing agricultural lands to barrier fish screen at White Mallard Dam.
increase forage for waterfowl and other wildlife
will increase the overwinter survival rates of PROGRAMMATIC ACTION 1F. Increase the
wildlife and strengthen them for migration, thus survival of juvenile salmon and steelhead in the
improving breeding success (Madrone andAssoc. Sutter Bypass by evaluating the need to install
1980) positive barrier fish screens on diversions.

REDUCING OR ELIMINATING P~ITIONALE: Diverting, storing, and releasing

STRESSORS
water in the watershed directly affects fish,
aquatic organisms, and nutrient levels in the
system and indirectly affects habitat, foodweb

WATER DIVERSIONS                  production, and species abundance and distri-
bution. Diversions cause water, nutrient, sedi-

IMPLEMENTATION OBJECTIVE: The implementa- merit, and organism losses, Seasonal and daily
tion objective is to reduce juvenile fishwater release patterns from storage may affect
entrainment into water diversions to increasehabitat, water quality, and aquatic organism
survival and population abundance to levels thatsurvival. Flood control releases into bypasses
contribute to the overall health of the Delta andalso cause adult andjuvenilefish stranding.
other beneficial uses of land and water.

TARGET 1: Improve the survival of chinook
salmon and steelhead in Butte Creek by helping
to install positive-barrier fish screens (,~,).

~, ~
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I
LAND USE restore ecological and resource values consistent

~ with broad ecosystem restoration.I IMPLEMENTATION OBJECrlVE: The implementa-
tion objective for land use is to: DAMS, RESERVOIRS, WEIRS, AND OTHER

STRUCTURESI ¯ promote rangeland management practices and
livestock stocking levels to maintain high-IMPLEMENTATION OBJECTIVE: The implementa-
quality habitat conditions for wildlife andtion objective for dams, reservoirs, weirs, and
aquatic and plant communities; other structures is to increase the connection of

upstream spawning and rearing habitat with the
¯ protect special-status plants and riparianmainstem rivers in the Sacramento-San Joaquin

I vegetation; basin. This would increase success of adult
spawners and survival of juvenile downstream

¯ maintain shaded riverine aquatic habitat; andmigrants.

¯ 1 ¯ prevent bank erosion. TARGET 1: Improve chinook salmon and steel-
head survival in Antelope Creek by developing a

TARGET 1: Protect, restore, and maintain cooperative programto reduce the use of seasonal
ecological functions and processes that creatediversion dams by 50% during the late spring,
habitats for species that depend on the Delta, andearly fall, and winter (0,4,).

i reduce or eliminate stressors that impair their
survival (4,4,). PROGRAMMATIC ACTION 1A: Develop a¯

cooperative program to evaluate the reduced use
¯ PROGRAMMATIC ACTION 1A: Develop a of seasonal diversion dams that may be barriers to

cooperative with landowners, land. chinook salmon and steelhead inprogram migrating
- management agencies, and hydropower operatorsAntelope Creek by acquiring water rights or

to facilitate watershed protection and restoration,providing alternative sources of water.
The program would increase the survival of
chinook salmon and steelhead in Paynes,TARGET2: Develop a cooperative program to
Antelope, Mill, Deer, Big Chico, and Butte improve the upstream passage of adult chinook
Creeks by implementing land use plans. Thesesalmon and steelhead in Big Chico Creek by
would establish, restore, and maintain riparianproviding access to 100% of habitat located below
habitats and create buffer zones between the creeknatural barriers (4,4,).

I and developments or other land use activities,
such as livestock grazing. PROGRAMMATIC ACTION 2A: Repair or

reconstruct the fish ladders in Big Chico Creek to
, [~ RATIONALE." Land use in the Butte Basin improve the upstream passage of adult spring-run

Ecological Zone may stress ecosystem processes, chinook salmon and steelhead trout.
functions, habitats, and aquatic and terrestrial

i organisms. Land use activities that may be PROGRAMMATIC ACTION 2B: Repair the Lindo.
harmful include urban and industrial develop.. Channel weir and fishway at the Lindo Channel
ment, land reclamation, water conveyance box culvert at the Five Mile Diversion to improve
facilities, livestock grazing, and agricultural upstream fish passage.
practices. Locally developed comprehensive
watershed management plans will provide the TARGET 3: Develop a cooperative approach to
most readily usable structure to protect and ensure unimpeded upstream passage of adult
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spring-run chinook salmon and steelhead in Mill HARVEST OF FISH AND WILDLIFE

Creek (’’40.
IMPLEMENTATION OBJECTIVE: The implementa-

PROGRAMMATIC ACTION 3A: Cooperatively tion objective is to reduce harvest of wild,
develop and implement an interim fish passagenaturally produced Bay-Delta fish populations to
corrective program at Clough Dam on Mill Creek protect and increase their productive potential.
until a permanent solution is developed
cooperatively withthelandowners. TARGET 1: Develop harvest management

strategies that allow the wild, naturally produced
TARGET 4: Develop a cooperative program to fish spawning population to attain a level that
improve the upstream passage of adult spring-runfully uses existing and restored habitat. Focus the
chinook salmon and steelhead in Butte Creek toharvest on hatchery-produced fish (,~).
allow access to 100% of the habitat below the
Centerville Head Dam (,~). PROGRAMMATIC ACTION 1A: Control illegal

harvest by providing increased enforcement
PROGRAMMATIC ACTION 4A: Increase the efforts.
opportunity for the successful upstream passage
of adult spring-run chinook salmon and steelheadPROGRAMMATIC ACTION 1B: Develop harvest
on Butte Creek by developing a cooperativemanagement plans with commercial and
program to evaluate the feasibility of removingrecreational fishery organizations, resource
diversion dams, providing alternative sources ofmanagement agencies, and other stakeholders to
water, or constructing new high-water-volumemeet the target.
fish ladders.

PROGRAMMATIC ACTION 1C: Reduce the harvest

PROGRAMMATIC ACTION 4B: Improve chinook of wild, naturally produced steelhead populations
salmon and steelhead survival and passage inwhere necessary by marking hatchery-reared fish
Butte Creek by cooperatively developing andand instituting a selective fishery.
evaluating operational criteria and potential
modifications to the Butte Slough out-fall. ~ PROGRAMMATIC ACTION 1D: Evaluate a marking

and selective fishery program for chinook salmon.
PROGRAMMATIC ACTION 4c: Increase chinook
salmon survival in Butte Creek by cooperativelyRATIONALE: Restoring and maintaining chinook
helping local interests to eliminate stranding atthe salmon and steelheadpopulations to levels that
drainage outfalls in the lower reach, fully take advantage of habitat may require

restrictions on harvest during, and even after, the
RATIONALE: Dams and their associated reservoirs recovery period. Stakeholder organizations
blockfish movement, alter water quality, remove should help to ensure a balanced and fair
fish and wildlife habitat, and alter hydrological allocation of available harvest. Target population
and sediment processes. Other human-made levels may preclude existing harvest levels of
structures may block fish movement or provide wild, naturally produced fish. For populations
habitat or opportunitiesfor predatory fish and supplemented with hatchery fish, selective
wildlife, which could be detrimental to fish fisheries may be necessary to limit the wild fish
species of special concern, harvest, while hatchery fish harvest levels reduce

their potential to disrupt the genetic integrity of
wiM populations.
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ARTIFICIAL PROPAGATION OF FISH wild salmon and steelhead. Hatchery fish may
¯ also threaten the genetic integrity of wild stocks

IMPLEMENTATION OBJECTIVE: The implementa- by interbreeding with the wild fish. Although
tion objective for artificial fish propagation is to irreversible contamination of the genetics ofwiM
reduce the potentially adverse effects of stockingstocks has occurred, additional protective
artificially produced fish throughout Centralmeasures are necessary to minimize further
Valley rivers and streams. Reducing these effectsdegradation of genetic integrity. Because of the
would increase the survival of naturally producedextent of development on the Sacramento River
fish, contribute to long-term restoration goals, andand Battle Creek, stocking chinook salmon and
maintain the genetic diversity of naturally produc-steelhead may be necessary to rebuild and
ing chinook salmon and steelhead populations, maintain stocks to sustain sport and commercial

fisheries.
TARGET 1: Minimize the likelihood that
hatchery-reared salmon and steelhead produced in SPECIES
the Coleman National Fish Hatchery will stray
into non-natal streams to protect naturally CHINOOK SALMON
produced salmon and steelhead (..*).

IMPLEMENTATION OBJECTWE: The implementa-
PROGRAMMATIC ACTION 1A: Develop a tion objective for chinook salmon as it pertains to
cooperative program to evaluate the benefits ofthe Butte Basin Ecological Zone is to contribute
stocking hatchery-reared salmon and steelhead into the recovery of fall- and spring-run chinook

salmon to support sport and commercial fisheries.theSacramentoRiverandBattleCreek.Stocking
may be reduced in years when natural production
is high. FALL-RUN CHINOOK SALMON

TARGET 2: Limit hatchery stocking if salmon or TARGET 1: Maintain the average cohort replace-
steelhead populations can be sustained by naturalment rate of fall-run chinook salmon above 1.0
production (~). while the stock is rebuilding. Then maintain a

replacement rate equal to or greater than 1.0 when
PROGRAMMATIC ACTION 2A: Augment fall the stock reaches restoration goal levels set by the
chinook salmon and steelhead populations onlyregulatory agencies (~).
when alternative measures are deemed insuffi-
cient for populations recovery. PROGRAMMATIC ACTION 1A: Actions in the

Butte Basin Ecological Zone have been designed
TARGET3: Minimize further threats of hatcheryspecifically to restore fall-run chinook and its
fish contaminating naturally produced chinookhabitat. This species will directly benefit from
salmon and steelhead stocks (~). actions in this zone to improve or restore

ecological processesand functions that create and
PROGRAMMATIC ACTION3A: Adopt methods for maintain habitat and to reduce stressors that
selecting adult spawners for the hatchery from anadversely affect processes, habitats, and fall-run
appropriate cross-section of the available adultchinooksalmondirectly.Theseprogrammatic
population, actions address:

RATIONALE: Hatchery augmentation should be CentralValleystreamflows,
limited to protect recovery and maintenance of
wiM populations. Hatchery-reared salmon and ¯ natural sediment supply,
steelhead may directly Compete with and prey on ¯ streammeander,

~
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I
¯ riparian ana riverine aquatic habitat, Each of the major chinook salmon restora-

¯ water diver.~ions, dams, reservoirs, weirs. ~ tion/recovery programs has developed specific
goals for Central Valley chinook salmon stocks.

Additional programmatic actions that willERPP embraces each restoration/recovery goal
contribute to the restoration of fall-run chinookand will contribute to each agency’s program by
salmon are proposed for the Sacramento River,restoring critical ecological processes, functions,
Sacramento-San Joaquin Delta, Suisunand habitats, and reducing or eliminating
Marsh/North San Francisco Bay, and Yolo Basinstressors. ERPP’s approach is to contribute to
Ecological Zones. managing and restoring each stock with the goal

of maintaining cohort replacement rates of much
RATIONALE: Because of their life-history greater than 1.0 while the individual stocks are
requirements, typical of all Pacific salmon, rebuilding to desired levels. When the stocks I
Central Valley chinook salmon require high- approach the desiredpopulation goals, ERPP will
quality habitats for migration, holding, spawning, contribute to maintaining a cohort replacement
egg incubation, emergence, rearing, and rate of l.O.
emigration to the ocean. These diverse habitats
are still present throughout the Central Valley SPRING-RUN CHINOOK SALMON
and are successfully maintained to varying
degrees by existing ecological processes. Even TARGET 1: Maintain the average cohort replace-
though the quality and accessibility of the habitats ment rate of Sacramento spring-run chinook
have been diminished by human-caused actions, salmon above 1.0 while the stock is rebuilding.
these habitats can be restored through a Then maintain a replacement rate equal to or ¯
comprehensive program that strives to restore or greater than 1.0 when the stock reaches
reactivate ecological processes, functions, and restoration goal levels set by the regulatory
habitat elements on a systematic basis, while agencies (~,).
reducing or eliminating known sources of
mortality and other stressors that impair the PROGRAMMATIC ACTION 1A: Actions in the
survival of chinook salmon. Butte Basin Ecological Zone have been-designed I

specifically to restore spring-run chinook and its
There are three major programs to restore habitat. This species will directly benefit from
chinook salmon populations in the Central Valley. actions in this zone, described above, to improve
The Secretary of the lnterior is required by the or restore ecological processes and functions that |Central Valley Project Improvement Act (PL 102- create and maintain habitat and to reduce stressors
575) to double the natural production of Central that adversely affect processes, habitats, and
Valley anadromousfishstocksby2OO2(USFWS spring-run chinook salmon directly. These 1
1997). The NAIFS is required under the federal programmatic actions address:
ESA to develop and implement a recovery plan for
the endangered winter-run chinook salmon and to ¯ Central Valley streamflows,
restore the stock to levels that will allow its ¯ natural sediment supply,
removal from the endangered species list ~MFS
1996). DFG is required under state legislation ¯ stream meander, 1
(the Salmon, Steelhead Trout and Anadromous ¯ riparian and riverine aquatic habitats,
Fisheries Program Act of 1988) to double the
numbers of salmon that were present in the ¯ water diversions, dams, reservoirs, weirs. " l
Central Valley in 1988 (Reynolds et al. 1993). Additional programmatic actions that will

contribute to the restoration of spring-run chinook
salmon are proposed for the Sacramento River,
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Sacramento-San Joaquin Delta, Suisunadversely affect processes, habitats, and steelhead
Marsh/North San Francisco Bay, and Yolo Basin. directly. These programmatic actions address:
Ecological Zones.

¯ Central Valley streamflows,
RATIONALE: Spring-run chinook salmon a ¯ natural sediment supply,candidate species under the California
Endangered Species Act and considered a ¯ stream meandering,
sensitive species by the U.S. Forest Service.

Because of their life history patterns, spring-run
¯ riparian and riverine aquatic habitat,

chinook enter the Sacramento River and its ¯ water diversions, dams, reservoirs, weirs.
tributaries early in the year and ascend to
tributaries where they oversummer to spawn
during thefollowingfall. Young fish may rear for Additional programmatic actions that will

a year or longer in the tributaries before entering contribute to the recovery of steelhead are pro-

the Sacramento River during their seaward posed f or the Sacramento River, Sacramento-San
Joaquin Delta, Suisun Marsh/North San Franciscomigration. Bay, and Yolo Basin Ecological Zones.

Declines in spring-run chinook abundance were RATIONALE: The NMFS has identified steelheadlikely caused by upstream habitat loss due to populations in the Central Valley as a singledams; difficulty in juvenile passage from instream evolutionary significant unit (ESU) based on a
flows and diversions; and other causes, such as
illegal harvest, drought, Delta diversions, and

variety of physical and biological data. These

poor ocean conditions, data include the physical environment (geology,
soil type, air temperature, precipitation, riverflow
patterns, water temperature, and vegetation);
biogeography (marine, estuarine, and freshwaterSTEELHEAD

fish distributions); and life history traits (age at
IMPLEMENTATION OBJECTIVE: The implementa- smolting, age at spawning, creek entry timing,
tion objective for steelhead trout as it pertains tospawning timing, and genetic uniqueness).
the Butte Basin ’Ecological Zone is to achieve
naturally spawning populations of sufficient sizeWithin the broad context of ecosystem restoration,
to support inland recreational fishing and fully usesteelhead restoration will include a wide variety
existing and restored habitat areas, of efforts, many of which are being implemented

for other ecological purposes or which are
TARGET 1: Maintain the average cohort replace- nonspecific to steelhead trout. For example,
ment rate of steelhead trout above 1.0 while therestoring riparian woodlands along the
stock is rebuilding. Then maintain a replacementSacramento River between Keswick Dam and
rate equal to or greater than 1.0 when the stockVerona will focus on natural stream meander,
reaches restoration goal levels set by theflow, and natural revegetation/successional
regulatory agencies (~,). processes. These will be extremely important in

providing shaded riverine aquatic habitat, woody
PROGRAMMATIC ACTION 1A: Actions in the debris, and other necessary habitats required by
Butte Basin Ecological Zone have been designedlower trophic organisms and juvenile and adult
specifically to restore steelhead and its habitat,steelheadpopulations.
This species will directly benefit from actions in
this zone, described above, to improve or restoreOperation of the water storage and conveyance
ecological processes and functions that create andsystems throughout the Central Valley for their
maintain habitat and to reduce stressors that bepotential ecologicalbenefits of thecan one
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more important elements in restoring a wide RATIONALE: Restoring large areas of riparian
spectrum of ecological resources, including habitat freshwater marshes, and seasonal
steelhead trout, wetlands will provide feeding and nesting habitat

for many species of waterfowl and shorebirds.
GIANT GARTER SNAKE

IMPLEMENTATION OBJECTIVE: Assist in the
REFERENCES USED TO

recovery of the giant garter snake, a federally DEVELOP THE VISION FOR THE
listed threatened species. Meeting this objective BUTTE BASIN ECOLOGICAL
would contribute to species richness and diversity
and reduce conflict between the need for their ZONE

protection and other beneficial uses of land and
water in the Bay-Delta. Central Valley Habitat Joint Venture. 1990.

Central Valley Habitat Joint Venture
TARGET: Restore wetland habitat throughout the Implementation .Plan, a component of the
Butte Basin Ecological Zone (,,). North American Waterfowl Management

Plan. February 1990.
PROGRAMMATIC ACTIONS: Enhance existing

habitats and restore new habitats in historicalDFG 1993. Restoring Central Valley streams: apoor
wetlands.(Refer to targets and programmatic plan for action. Department of Fish and
actions for seasonal wetlands, riparian and Game.November. 198 p.
riverineaquatichabitat, and agricultural lands.)

DFG 1996. Steelhead restoration and
RATIONALE.: Restoration of the giant garter snake management plan for California. Depar~ent
will come indirectly from restoration of wetland ofFish and Game. February. 234 p.
areas and marshes in areas where remnant
habitats and populations of the snake now exist. Madrone Associates. 1980. Sacramento-San

Joaquin Delta wildlife habitat protection and
WATERFOWL restoration plan. Prepared for the California

Department offish and Game and U.S. Fish

IMPLEMENTATION OBJECTIVE:’ Maintain and and Wildlife Service.

restore the distribution and abundance of
waterfowl tO contribute to species richness andResources Agency 1989. Upper Sacramento River

diversity and reduce conflict between the need for fisheries and riparian habitat management
their protection and othei" beneficial uses of water plan. January. 158 p.

in the Bay-Delta.
USFWS 1997. Revised draft anadromous fish

TARGET: Improve populations and distribution of restoration plan: a plan to increase natural
production of anadromous fish in the Centralwaterfowl (,~).
Valley of California. U.S. Fish and Wildlife

PROGRAMMATIC ACTIONS: Waterfowl will Service. May 30, 1997.

indirectly benefit from restoration of marshes,
seasonal wetlands, and riparian habitats
throughout the Butte Basin Ecological Zone.
(Refer to targets and programmatic actions for
seasonal wetlands, riparian and riverine aquatic
habitat, and agricultural lands.)
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FEATHER RIVER/SUTTER BASIN ECOLOGICAL ZONE

. Colusa, and Moulton weirs) are configured such
that at river flows exceeding approximately
22,000 cfs, flows begin to begin to be diverted
into the bypass. During periods of high runoff, all
flows above 30,000 cfs are diverted into the
bypass. The Sutter Bypass also is an important
spawning and rearing area for splittail, which
migrate from the Bay-Delta each winter to spawn
in flooded portions of the lower rivers, such as the
SuRer Bypass.

Important ecological processe.s that would
maintain or increase Feather River/SuRer Basin
Ecological Zone health are:

INTRODUCTION
¯ streamflow,

The Feather River/Sutter Basin Ecological Zonē natural sediment supplies
¯ stream meandercontributes to the health of the Sacramento-San

Joaquin River Delta (Delta) by sustaininḡ floodplain processes,

ecological processes that support anadromous fish
¯ water temperature, and

habitats in this zone and in the Delta. Streamflow,
¯ upper watershed processes.

sediment, and nutrients, including nitrogen,
phosphorous, and organic detritus coming fromImportant habitats include riparian wetlands, and

this Ecological Zone, are all important to theshaded riverine aquatic (SRA). Seasonally

Delta. flooded wetlands are common through the lower
basin portions and are extremely important habitat

Chinook salmon, white and green sturgeon,areas for.waterfowl, shorebird, and wading bird

striped bass, American shad, and steelhead areguilds. Important species include all runs of

important anadromous fish species that depend onchinook salmon, steelheadtrout, sturgeon,
American shad, resident native fish guilds,healthy conditions in the Sacramento-San Joaquinwaterfowl guilds, shorebird and wading birdDelta and Feather River/SuRer Basin Ecological

Zones. The Feather River is important for
guilds,and riparianwildlifeguilds.Stressors,

spawning and rearing fall-run and spring-runeincludingo n t r flOOdo 1 ~)~i~ Feather
chinook salmon, steelhead, white and green

~ ~

River/Sutter
improvements, Basinsturgeon, striped bass, and American shad. The

Yuba River is important for fall-run chinook u r b a n i z at i o n Ecolo~ ical

salmon, steelhead, and American shad, and( 
f 1 oo d p I a i n Zone

potentially for spring-run chinook salmon. Bearencroachment),

River and Honcut Creek support small runs ofdams, legal and

fall-run chinook salmon. Sutter Bypass is anillegal fish

important migration route for spring-run and fall-h a r v e s t ’
insufficient flowrun chinook salmon from Butte Creek. In most
in the loweryears, almost all populations of upper Sacramento

ofRiver migratory fish are potentially affected by
portions most

the Sutter Bypass. The bypass system (Tisdale,streams, high
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water temperature during salmon spawning andThe Feather River has a natural (unimpaired)
egg incubation, poor water quality, hatcherystreamflow pattern typical of streams that drain
stocking of salmon and steelhead, and unscreenedthe higher Cascade Range and Sierra Nevada
or poorly screened water diversions, have affectedelevations on the east side of the Sacramento
the health of anadromous fish populations. Valley. Flows peak in winter and spring. Lower

flows in summer and fall are sustained by
DESCRIPTION OF THE ZONE snowmelt and foothill and mountain springs. In

The Feather River/Sutter Basin Ecological Zone
Historical Monthly.Average Flow

(Figure 13) includes the following ecological
units:

¯ Feather River Ecological Unit
¯ Yuba River Ecological Unit
¯ Bear River and Honcut Creek Ecological

Unit, and
¯ Sutter Bypass Ecological Unit.

These units provide habitat for a wide variety of
fish, wildlife, and plant species. These include J F M ~A M J J a S O N D

fall- and spring-run chinook salmon, steelhead
trout, green and white sturgeon, striped bass, and

Historical Streamflow on the Feather River below Oroville, 1972-American ~had; waterfowl; and shorebird guilds. 1992 (Dry year is the 20th percentile year; normal year is the 50th
Sutter Basinis particularlyimportant for percentile or median year.)
waterfowl.andshorebirds.

the wettest years, unimpaired monthly average
flows in winter months average 24,000 to 48,000

DESCRIPTIONS OF ECOLOGICAL cubic feet per second (cfs), whereas spring
UNITS inflows are slightly lower at 18,000 to 28,000 cfs.

In dry and normal years, winter and spring
FEATHER RIVER ECOLOGICAL UNIT

Unimpaired Monthly Average Flow
The Feather River, with a drainage area of 3,607
square miles, is the largest Sacramento. River
tributary below Shasta Dam. Watersheds of the 12000

various forks drain high-elevation ranges of the ~oooo
Cascade Range and Sierra Nevada. Numerous ~ aooo-
storage reservoirs are located on the river, ~.° 6000
including Lake Almanor and Butt Valley
Reservoir on the North Fork, Lake Davis and 7. 4000-

Bucks Lake on the Middle Fork, and Little Grass
Valley Reservoir on the South Fork. Oroville and
Thermalito Reservoirs are on the mainstem below J F M A M J J A S O N D

the forks, and major water diversion take place at
both reservoirs. The lower Feather River ~ Normal Year [] Dry Year

downstream of Oroville picks up the flow of Unimpaired Streamflow on the Feather River at Oroville, 1972-

major tributaries, including Honcut Creek, the 1992 (Dry year is the 20th percentile year; normal year is the 50th

Yuba River, and the Bear River.
percentile or median year.)
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unimpaired flows range from 2,000 to 10,000 cfs. finally into Thermalito Afterbay. Water can be
In the driest years, unimpaired flows in winter. pumped from the Thermalito Diversion Pool back
months average 1,100 to 1,500 cfs and springinto Oroville Reservoir to generate peaking
flows average slightly higher at 1,500 to 2,000power. The Oroville-Thermalito complex,
cfs. The lowest unimpaired flows are 800 to 1,000completed in 1968, provides benefits to water
cfs in August through October of the driest years,conservation, hydroelectric power, recreation,
Summer and early-fall flows are normally 1,000flood control, and fisheries.
to 2,000 efs,except in years of high rainfall, when
they range from 2,000 to 6,000 cfs. Feather River flows between the Thermalito

Diversion Dam and the Thermalito Afterbay
The natural flow pattern has been altered byoutlet are a constant 600 cfs. This river section is
storage reservoirs in the middle and upperoften referred to as the low-flow section. Water is
watersheds and diversions in the lower river,released through a powerhouse, then through the
Comparing recent historical flows (1972 throughfish barrier dam to the Feather River Hatchery,
1992) and unimpaired flows for the same periodand finally into the low-flow section. Thermalito
near Oroville indicates impaired flow exten~ .Afterbay serves both as an afterbay for upstream
With winter and spring inflows stored inpeaking-power releases to ensure constant river
reservoirs for summer arid fall irrigation releases,and irrigation canal flows, and as a warming basin

has a pattern, irrigation water .being diverted to the ricethere been shiftin theriver’sflow for
In, dry years, winter and spring flows have beenfields. Because of warm water releases into the
reduced from 2,000 to 6,000 cfs to 1200 to 1,600 Feather River from Thermalito Afterbay, water
cfs. In normal the shift has been from 4,000 in the approximately 14-mile sectionyears, temperatures
to 10,000 cfs to 2,000 to 3,000 cfs. In the driest of salmon spawning area from the Thermalito
years, winter and spring flows average about 800Afterbay outlet to the mouth of Honcut Creek
to 900 cfs, compared to 1,100 to 1,500 cfs for (referred to as the high-flow section) are higher
unimpaired flow. The opposite pattern is seen inthan in the 8 miles of the low-flow section.
summer and fall, when storage releases for
irrigation increase base flows. Summer and fallImportant resources in the Feather River
flows in dry and normal years are approximatelyEcological Unit include fall- and spring-run
50% to 60% higher than unimpaired flows,chinook salmon, steelhead, white and green
Highest flows are similar to unimpaired flows. Insturgeon, striped bass, and American shad. The
late summer and fall of driest years, unimpairedFeather River Hatchery is the only Central Valley
and historical flows are both in the 800 to 1,000egg source for spring-run chinook salmon. Spring-
cfs range, run chinook salmon adults ascend the river in

spring, hold over during summer in deep pools in
Oroville Reservoir, the lowermost reservoir on thethe low-flow section, and are allowed into the
Feather River and the upstream limit forhatchery in September. These fish are artificially
anadromous is the of the State in the and alsofish, keystone spawned hatchery spawnnaturally
Water Project (SWP) operated by the California on the riffles in the low-flow section from late
Department of Water Resources (DWR). Water is September to late October. Introgression
released from Oroville Dam through a multilevel(hybridization) of fall- and spring-run chinook
outlet to provide appropriate water temperaturessalmon is a problem in the Feather River. About
for the Feather River Hatchery and to protect20% of the tagged juvenile chinook salmon from
downstream fisheries. Approximately 5 milesfemales identified as spring run when returned
downstream from Oroville Dam, water is divertedwere misidentified as fall-run. Similarly, about
at the Thermalito Diversion Dam into the29% oftaggedjuveniles from spring-run parents
Thermalito Power Canal, from there into thewere misidentified as fall run when they returned
Thermalito Forebay and another powerhouse, andas adults (Brown and Green 1997). A more recent
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analysis shows that in some yearswater temperature and flow in the low-flow
misidentifieation may be as high as 74%.~ section are vital to continued Feather River
Requirements for adult spring-run chinook salmonsteelhead program success.
holding and early spawning influence the
California Department of Fish and Game’sAmerican shad ascend the Feather River to spawn
(DFG’s) water temperature and flow from April through June. The number of shad in
recommendations for the low-flow section, the river, and thus the success of anglers, depends

on the relative flow magnitude atthe mouth of the
Feather River spring-run chinook salmonFeather and Sacramento Rivers. In the 1987 to
population estimates during 1982 to 1991 1992 drought, Feather River flows in April
averaged 2,800 fish. This is greater than the pre-through June were relatively low and the number
project (i.e., SWP) average of 1,700 fish, of shad returning to the fiver was lower than
primarily because of consistent cold-wateraverage.
deliveries to the hatchery and the low-flow section
of the fiver. The Feather River spfing-run chinookStriped bass spawn in the lower Feather River
salmon’s geneti6 status is uncertain. This stockdownstream of the Yuba River’s mouth from
may have hybridized with fall-run chinookApril through June. Striped bass are found in the
salmon, but the extent of hybridization and theriver during much of the year with a peak
potential effect on spring chinook genetics in theoccurrence in July and August.
Central Valley is unknown.

YUBA RIVER ECOLOGICAL UNIT
Most Feather River chinook salmon are fall-run
fish that spawn in the low-flow section and belowThe Yuba River watershed drains 1,339 square
from October through December. As with spring- miles of the western Sierra Nevada slope and
run fish, the present average run offish returningincludes portions of Sierra, Placer, Yuba, and
to the hatchery and spawning in the river exceedsNevada Counties. The Yuba River is tributary to
the pre-project population. In addition to the Feather River, which, in turn, feeds into the
spawning escapement, about 10,000 salmon (fallSacramento River.
and spring runs combined) are harvested by
anglers each year. During 1968-1993, FeatherThree dams on the river have altered fiver flows
River Hatchery produced about 7.4 million fall- and fish passage. Englebright Dam was built by
run and 1.2 million juvenile spring-run chinookthe U.S. Army Corps of Engineers (Corps) in
salmon and about 750,000 juvenile steelhead1941 tocollect placer mining debris that
annually, contributed to flooding in the Central Valley.

Englebright Reservoir contributes storage
Feather River steelhead are primarily hatcherycapacity, hydropower, and cool, bottom-released
stock, with only limited natural production ofwater to the lower Yuba River. Most Englebright
yearlings in the low-flow section, where coolReservoir water, the lowermost storage reservoir
water is sufficient to sustain juvenile steelheadon the river and the upstream anadromous fish
through the summer. The 2,000 steelheadlimit, is released through the Narrows 1 and 2
hatchery mitigation goal is comparable to theEnglebright Dam powerhouses to generate
present 10-year (1982 to 1983 through 1991 to hydroelectric power. The 0.2 mile of river
1992) average return to the hatchery of 1,454between the dam and the two powerhouses has no
steelhead and an angler catch in the Feather Riverflowing water unless the reservoir is spilling. The
estimated as high as 7,785 fish. Steelhead0.7 mile of fiver from the Narrows 1 and 2
fingerlings must remain in the river or be held inpowerhouses to the Deer Creek mouth has steep
the hatchery for a year until they are large enoughrock walls; long, deep pools; and short stretches
to begin their anadromous journey. Appropriateof rapids. Below this area, the river cuts through
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1.3 miles of sheer rock gorge called the Narrows,.highest in winter and spdrtg, decreasing quickly in
forming a single large, deep, boulder-strewn pool.late spring. Annual inflow’ is highly variable.

Basin inflows in winter months of years with the
The river canyon opens into a wide floodplainhighest rainfall average 15,000 to 25,000 cfs,
several miles beyond the downstream end of thewhereas inflow in the driest years averages 300 to
Narrows, where large quantities of hydraulic600 cfs. In the driest years, inflow in summer and
mining debris remain from past gold-miningearly fall averages only 0 to 100 cfs. In dry and
operations. This 18.5-mile section is typified asnormal water years, average monthly inflows in
open-valley plain. Daguerre Point Dam, 12.5summer and early fall are 200 to 600 cfs.
miles downstream from Englebright Dam, is the
major lower-river diversion point. The open plain New Bullards Bar and Englebright Reservoirs
continues 7.8 miles below Daguerre Point Dam tostore winter and spring flows and distribute water
beyond the downstream Yuba Goldfieldsmore evenly throughout the year and from year to
terminus. This section is primarily alternatingyear. Summer and early-fall irrigation releases are
pools, runs, and riffles, with a gravel and cobblesubstantially higher than unimpaired flows. In the
substrate (bottom material). Because of thedriest years, reservoir releases increase base flows
substrate quality and size, this section containsin summer and early fall by 0 to 100 cfs to 70 to
most of the suitable lower Yuba River chinook260 cfs. In dry years, summer flows are 500 to
salmon habitat. 900 cfs flows of 190spawning comparedtounimpaired to

230 cfs. Spring flows in dry and normal years are
The remaining section of the lower Yuba River300 to 900 cfs, as compared to unimpaired flows
extends approximately 3.5 miles to its confluenceof 700 to 1,200 cfs. In~ with the highestyears
with the Feather River. This river section israinfall, flows are similar to unimpaired flows,
bordered by levees and is subject to Feather Riveraveraging 10,000 to 20,000 cfs in winter months.
backwater influence.

In the upper Yuba River watershed above Historical Monthly A_v.erage Flow
Englebright Reservoir, storage reservoirs affect
the natural flow pattern. The major storage
reservoir is New Bullards Bar on the North Fork,
with a storage capacity of about 1 million acre-
feet (af) and a watershed area of 490 square miles.~
Fifteen other reservoirs have been constructed in o

the upper basin, with a combined storage capacity _o
of 400,000 af. Power-generation diversions of "
about 100 cfs are made into the Feather River
basin (from Slate Creek to Sly Creek), and about
600 cfs is diverted to the Bear River and Deer o F M A M O J A S O N D
Creek watersheds for power and irrigation (from [] Normal Year [] Dry Year
Lake Spaulding to Drum Canal and the South
Yuba Canal). A major portion of the watershed is Historical Streamflows on the Yuba River below Englebdght

Dam,
unregulated, however, and very high flows pass 1972-1992 (Dry year is the 20th percentile year; normal ye~
through Englebright Reservoir to the lower is the 50th percentile or median year.)
watershed during major storms.

Diversions in the lower river, primarily from just
The natural, unimpaired flow pattern in ttie Yubaabove Daguerre Point Dam, reduce lower river
River is typical of Sacramento Valley tributariesflows during the irrigation season. Flows from
with headwaters in the Sierra Nevada. Flows areAugust through October at Marysville are
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generally higher than unimpaired .flows, whereassystem. Run sizes in the Yuba River have varied
flows from March through June are substantially~ over the period of record (1953 to 1989), ranging
lower. In the driest years, summer flows are 70 tofrom 1,000 fish in 1957 to 39,000 fish in 1982.
90 efs and winter flows are 190 to 230 cfs. Spring Approximately 60% of those salmon spawned
flows in dry years are 340 to 440 cfs compared to between Daguerre Point Dam and the Highway 20
unimpaired flows of 800 to 3,700 cfs. bridge, with most of the remaining fish spawning

above Highway 20 or below the dam. During the
The Yuba River is one of the most important1970s and 1980s, increased chinook salmon and
ecological units in the Feather River/Sutter BasinAmerican shad. populations were anticipated
Ecological Zone. The river supports highly valuedbecause of improved dry-year flows and lower
populations of steelhead trout and fall-runwater temperatures in the lower river following
chinook salmon, as well as populations of othercompletion of the New Bullards Bar Dam. These
anadromous and resident fish communities. The¯ expected increases were not achieved, however.
Yuba River is the only remaining wild steelheadPresently, fall-run chinook salmon spawning runs
fishery in the Central Valley. All other streamsaverage 13,050 fish annually, far below the
that have wild population, have population thatanticipated 38,000 fish.
are either so low that they do not support a fishery
or are closed to angling. Spring-run chinookHistorically, there has been a small spring-run
salmon abundance and status in the Yuba River ischinook salmon spawning population in the Yuba
not known. Directed efforts are required to River. The run had almost disappeared by 1959,
determine if it is a component of the fishery andpresumably because of diversions and hydraulic
whether additional management and restorationdevelopment projects. A remnant of the spring-
measures are required~ ~ run chinook salmon population persists in the

lower Yuba River. It is maintained by fish

I--

~

] produced in the river, salmon straying from the
Historieal MonthlyAverage [:low Feather River, and infrequent stocking of

I’ ~d ~... "[
tl

hatchery’reared fish by DFG (a practice that has
¯ o -~ / , -- -- - -- been discontinued).

_ __

I !

Historical Streamflow on the Yuba River at Marysville,
1972-1992 (Dry year is the 20th percentile year; normal year 1970 1975198051965

is the 50th percentile or median year.)

Yuba River Fall-Run Chinook Salmon Estimates,

Fall-run chinook salmon is the most abundant and
1965-1995

important ofanadromous fish species in the lower
Yuba River. Historically, the Yuba River The lower Yuba River supports a seasonal
supported as much as 15% of the annual fall-runAmerican shad sport fishery from late April to
chinook salmon run in the Sacramento RiverJuly. The fishery is confined to the area between

1
Volume 11: Ecosystem Restoration Program Plan ¯

Feather River/Sutter Basin Ecological Zone Vision
Draft: March 1998

254

!
C--006876

(3-006876



Daguerre Point Dam and its confluence with thethe Brophy and South Yuba Water Districts share
Feather River. Studies have shown that the shad: another; and Browns Valley Irrigation District
fishery on the Yuba River has declinedoperates a third. The combined diversions can
significantly in the past two decades. The run wasreach a maximum of 1,085 cfs (see table above).
estimated at 30,000 to 40,000 spawning adults in
1968 and 40,000 adults in 1969. In recent years, Juvenile chinook salmon are lost at all diversion
however, the shad run has been only a fraction ofintake structures because of impingement on
that level. Daguerre Point Dam limits thescreens, entrainment into unscreened diversions,
upstream migration of American shad. The dam isor predation in the river adjacent to the intakes.
equipped with two conventional pool-and-weir- Although losses at individual diversions may not
type flshways. Shad do not generally enter fishbe significant, the cumulative impact of all
ladders; therefore, most of the population isdiversion-related losses may be substantial. DFG
restricted to the river sections below the dam.estimated that before 1970, approximately 200
Reduced flows below Daguerre Point Dam, parti- steelhead trout spawned in the fiver annually, and
cularly in spring and early summer, are a primarythe potential existed for about 2,000 spawning
factor in the decline of the shad run. adults after completing New Bullards BarAmerican

Reservoir. Although no definitive population
The three most significant, diversions along theestimates have been produced, limited
lower Yuba River are at or just upstream ofinformation suggests that steelhead trout
Dagnerre Point Dam. Water is generally extractedpopulations on the lower Yuba River Ecological
from late March through October. Hallwood Unit Ecological Unit may have increased.
Irrigation Company, Cordua Irrigation District,
and Ramirez Water District share one diversion;

Diversion Rates in Acre-Feet per Month for the Major Water ~Districts
Supplied by the Yuba County Water Agency on the Lower Yuba River

South
Hailwood                     Ramirez Browns Valley Brophy Yuba
Irrigation

Corda Irrigation
Water Irrigation Water water

DistrictCompany                    ~ District         District        District District

Month WR WR P. WR WR P. P. P.

March 0 0 0 0 0 0 520 300

April 10,000 4,500 900 2,010 2,269 1,667 4,795 - 3,000

May 14,500 10,600 2,120 3,270 2,345 1,666 6,460 4,000

June 14,100 10,400 2,080 2,745 2,269 1,667 6,670 4,200

July 13,600 11,100 2,620 1,920 2,345 2,500 6,985 4,400

August 12,900 I 1,000 2,600 1,755 2,345 2,000 5,525 3,400

September 8,000 5,900 I, 180 1,500 2,269 0 3,750 2,400

October 4,900 6,500 500 700 2,345 0 625 400

Total 78,000 60,000 12,000 13,900 16,187 9,500 35,330 22,100

Maximum efs 275 - 275 75 38.2 42 230 150

WR = basic of water district.Notes: waterright
P. = purchase water through contract with Yuba County Water Agency.
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..
BEAR RIVER AND HONCUT CREEK upper watershed near Grass Valley and Aubtirn.

ECOLOGICAL UNIT , The South Sutter Irrigation District (SSID)
Diversion Dam is the largest diversion. Minimum

The Bear River is the second largest tributary toflow releases below the diversion into the Bear
the Feather River, with a watershed area of 300River are 25 cfs in spring and 10 cfs during the
square miles. It enters the Feather River at riverrest of the year. Flows from June through
mile (RM) 12, immediately upstream from the December are generally 0 to 40 cfs except in the
town of Nieolaus. Honcut Creek flows into the wettest years. Flows in years of high rainfall are
Feather Riverfrom a small foothill watershedsimilar to unimpaired flows from fall to spring,
approximately 15 miles below Thermalito. Inaveraging 3,500 to 5,200 cfs in winter; summer
highest rainfall years, winter flows average 3,400flows are 30 to 50 cfs, compared to unimpaired
to 5,600 efs. In normal years, winter inflows are flows of 70 to 150 efs.
600 to 800 cfs. In the driest years, watershed
inflows average only 20 to 65 efs in winterThe upstream anadromous fish limit is the SSID
months and 0 cfs in all other months. Diversion Dam, approximately 15 miles above the

Feather River confluence. The Bear River once
The natural or unimpaired Bear River flow patternsupported substantial salmon and steelhead runs,
is typical of foothill streams, with high winter andbut because of low flows in the lower river below
spring flows and very low summer and fall flowsthe SSID Diversion Dam, no self-sustaining
in wet years. Summer and early-fall inflowssalmon or steelhead runs presently exist.
remain near 0 cfs in dry and normal years. HoncutOccasionally, when heavy fall rains and sufficient
Creek has a similar unimpaired flow pattern thatspillage take place at the SSID Diversion Dam,

- includes low annual flow in dry years and veryhundreds of fall-run chinook salmon and
low summer and fall flows in most years, steelhead may ascend and spawn in the lower

Bear River. In addition to the effects of Camp Far
Bear River flows are almost entirely regulated byWest Reservoir and the SSID diversion, other
several storage reservoirs and numerousfactors have contributed to streamflow problems
diversions. Camp Far West is the largest storagein Bear River. These include numerotas small
reservoir, followed by Rollins Reservoir in thewater diversions and hydroelectric projects in the

lower and upper watersheds. Agencies involved in
these projects are the Nevada Irrigation District,

Historical Monthly Average Flow Pacific Gas and Electric Company, Placer County
Water Agency, and SSID. Portions of the water
supply go to Auburn and Grass Valley. The
proposedGarden Bar project, which would10o0
capture more of the winter stream flow for water

800 supply, is currently inactive.-’~ 600
The major attribute of the Honcut Creek is its
linkage to the District 10 area immediately north
of Marysville. This area encompasses thousands
of acres of private wetlands and flooded rice
fields which provide important wintering and

J F M A M J J A S 0 N D foraging habitat for waterfowl.
[] Normal Year [] Dry Year

The Bear River and Honcut Creek Ecological
Historical Streamflow on the Bear River near Wheatland, Units are presently less ecologically important for1962-1992 (Dry year is the 20th percentile year; normal year

is the 50th percentile or median year) anadromous fish species than the other units in
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this ecological zone because of the extensiveend of the bypass is connected to the extensive
water development and inadequate naturalmarshlands of Btitte Sink. Large areas of the
summer and fall base flows. In somethese bypass are used to irrigated such asyears, grow crops,
streams provide habitat for fall-run chinookrice.
salmon, steelhead, and resident native fish
populations. The overall ecological health of the VISION FOR THE ECOLOGICAL
Bear River and Honcut Creek Ecological Units,
however, is poor. ZONE

SUTTER BASIN ECOLOGICAL UNIT The vision for the Feather River/Sutter Basin
Ecological Zone includes restoring important

The Sutter Bypass section of the Sutter Basinfishery, wildlife, and plant communities by
provides important waterfowl habitat and servesrestoring ecological processes and habitats and
as a migratory route for salmon and steelhead inreducing stressors. Attaining this vision requires
the upper Sacramento River and its tributaries,restoring or reactivating important ecological
particularly Butte Creek. Salmon and steelheadprocesses that create and maintain fish, wildlife,
migrating to Butte Creek use Butte Slough, whichand plant community habitats throughout the
originates at the Butte Slough Out-fall Gates andecological zone.
ends at the north end of the Sutter Bypass. The
reach within the Sutter Bypassis generallyThe vision for this ecological zone focuses on
referred to as the East and West Barrows and themaintaining or restoring floodplain and flood
connection with the Sacramento River is the streamflow; gravel recruitment,proeesses,
Sacramento Slough. In wet years, when "transport, and cleansing; and seasonally, flooded
Sacramento River overflows into the bypass, bothaquatic habitats that provide important wintering
upstream-migrating adults and downstream-areas for waterfowl and shorebird guilds. Actions
migrating juvenile salmon and steelhead use Butteto reduce stressors are screening unscreened
Slough, the East and West Barrows, anddiversions, upgrading or installing fish passage
Sacramento Slough. Native resident fish,facilities at diversion dams or other obstacles to
including splittail, also use the bypass asfish migration, and limiting the adverse effects of
spawning and rearing habitat. In wet years, someintroducing hatchery fish on wildlife.
salmon, steelhead, and native resident fish may
become trapped in isolated pockets and die whenHatcheries in this and adjacent ecological zones
floodwaters recede from the bypass and respectivewill be operated to preserve the genetic identity of
overflow weirs (Tisdale, Colusa, and Moulton). endemic, naturally spawning chinook salmon and

steelhead trout stocks. Hatchery-produced fish
Sutter Bypass is also an important area forwill be used to support sustainable ocean
waterfowl and wildlife. The bypass has remnantrecreational and commercial fisheries and directed
riparian wgodlands and wetlands and is part of thefisheries the natal streams. Marking techniques
SutterNational Wildlife Refuge. SutterRefuge iswill enable sport and commercial anglers to
the only publicly owned waterfowl habitat in thedistinguish between hatchery-produced and
SuRer basin. It consists of 2,590 of naturally produced fish. Additionalacres genetic
seasonally and permanently flood marsh andanalysis of the Feather River (and Yuba River)
scattered uplands. Private du~k clubs provide anspring-run chinook population is necessary to
1,500 acres of habitat of which about 500 acresdetermine the value and role of this stock in
are natural wetland. Most of the private duckefforts to rebuild Feather River and other basin
clubs and nearly all of the natural wetlands in thispopulations.
area are located in the Sutter Bypass (Central
Valley Habitat Joint Venture 1990). The northern
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Green sturgeon and white sturgeon use theThese flows will also benefit stream-eharmel and
Feather River f or spawning, but additional studiesriparian vegetation in the lower fiver and,
are needed to identify and describe the species’consequently, will benefit fish. Improved riparian
habitat requirements and status in this basin. Thehabitat will also benefit riparian-associated
Feather Rivereouldcontributemoresubstantiallywildlife, such as those in the neotropical
to the overall sturgeon healfla and abundance if themigratory bird guild. The added flows coming
species’ life history and habitat requirements werefrom the Feather River will also benefit juvenile
known and habitat conditions maintained tosalmon and steelhead from other Feather and
benefit sturgeon along with other importantSacramento River tributaries in their journey
species, through the lower Sacramento River below the

Feather River and through the Delta and Bay.
VISIONS FOR

ECOLOGICAL UNITS Improving habitat in the lower Feather River will
encourage natural production of these anadromous
fish. Improving spawning habitat will increase

FEATHER RIVER ECOLOGICAL UNIT young salmon and steelhead production.

The vision for the Feather River Ecological Unit
Restoring or maintaining stream-channel and
riparian vegetation will increase the survival andis to improve natural spawning populations ofproduction of juvenile salmon and steelhead.

spring- and fall-run chinook salmon and
steelhead. This involves improving spring YUBA RIVER ECOLOGICAL UNIT(March) flows below Oroville in dry and normal
water-years, improving spring through fall baseThe vision for the Yuba River is to improve
flows, and improving spawning and rearing ’spring streamflows for spawning runs of spring-
habitat in the lower river below Oroville. run chinook salmon (potentially), steelhead,
The vision for the Feather River includes      sturgeon, and American shad. These flows will

also benefit downstream migration of juvenile
reactivating or maintaining important ecologicalfall-run chinook salmon, steelhead, and sturgeon.
processes that create and sustain habitats forImproving streamflows will also benefit’stream-
anadromous fish. The Feather River must not onlychannel and riparian habitat; native residentcontribute substantially to the growth of manyspecies, including splittail, that spawn farther
fish populations, but provide better support fordownstream in the Feather River; and other
naturally spawning steelhead, fall- and spring-runspecies that reside further downstream in the Bay-
chinook salmon, American shad, white and greenDelta estuary. The vision also includes evaluation
sturgeon, and striped bass. The most importantof gravel recruitment and sediment transport
processes include floodplain and flood processesprocesses, stream-channel configuration, and
and a natural streamflow pattern in the river, toriparian habitats in the lower Yuba River
which most of the anadromous and resident nativefloodplain to improve anadromous and resident
fishes are adapted, fish production and survival. Improvements in

upper Yuba watershed management will also
Higher, more natural spring flow events will helpimprove upper watershed health and help protect
spring-run chinook salmon, steelhead, sturgeon,the natural, unimpaired streamflow and water
American shad, and striped bass move upstreamquality.
into the Feather River during their traditional
migrations in spring. Higher flows will alsoAt present, sufficient stored water remains in the
benefit juvenile fall-run chinook salmonYuba River system (in New Bullards Bar
migrating downstream and juvenile salmonReservoir) to help restore the river’s anadromous
migrating out of lower Feather River tributaries,fish runs. Providing the needed streamflow,

~ Ott~
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temperature, and screens forthe lower Yuba RiverStream-channel and riparian habitat will be
will affect storage in the reservoir and require. improved by promoting conservation of the lower
operation changes at diversions in the lower river,river meander zone and active floodplain, rapidly
An early spring flow event in the lower riverphasing out gravel mining in the floodplain, and
during dry and normal water years will improveprotecting shorelines and levee riparian vegetation
spawning conditions for spring-run chinookfrom any damaging activities. Vegetation may
salmon, steelhead, white and green sturgeon, andneed to be planted or the disturbed channel and
American shad. Such a flow event would alsofloodplain regraded in certain areas to hasten and
improve downstream migration conditions forsustain recovery. Major efforts will be required to
juvenile fall-run ~hinook salmon, steelhead, andcontrol or eradicate tamarisk and giant reed
sturgeon. The higher flows will also improveinfestations, which prevent natural vegetation
natural stream-channel and riparian habitatsuccession by native tree species. Improving the
conditions in the lower river, consequentlystream-channel configuration, such as shaded side
benefitting fish production. Reducing mortality atchannels and backwater areas that are heavily
diversions and improving stream-channel andinfluenced by cool groundwater, will increase
riparian habitat will also improve fish production,available spawning and rearing habitat and
Restoring or maintaining riparian habitat willimprove juvenile salmon and steelhead production
provide substantial benefits to riparian-associatedin the lower river. Improving woody and other
wildlife species in the neotropical migratory bird in and along the stream margin willcovertypes
guild, also increase juvenile salmon and steelhead

production.
High water temperatures in late sp~ing, summer,
and fall in the lower river can be improved byStressors, such as unscreened diversions, fish
constructing a multiple-level outlet onpassage problems, and illegal and legal harvest,
Englebright Dam. Water temperature control willshould be reduced to improve health of salmon
also be improved by maintaining the streamand steelhead populations. A cooperative will be
channel configuration and riparian vegetation ofdeveloped program to evaluate the feasibility of
the lower river. A channel with more diversity, screening irrigation diversions along the lower
including islands, backwaters, and shaded riverineYuba River. Upstream and downstream fish
aquatic habitat, will reduce river heating andpassage at Daguerre Point Dam should be
provide cool-water refuges for juvenile fish.improved.
Reducing the number of ponds linked to the lower
river (e.g., in the Yuba Goldfields) will reduce theMeasures being considered to reduce harvest of
input of warmer water. Encouraging the flow ofnaturally produced chinook salmon in sport and
cool groundwater from the Goldfields throughcommercial fisheries include restricting harvest
small stream channels lined with riparianand marking all hatchery-produced fish to permit
vegetation may not only reduce heating, but alsoselective harvesting of hatchery fish. Enforcement
provide cool-water refuges for juvenile steelhead,and public education measures will be undertaken

to ensure that harvest rates for salmon and
Gravel sources will be protected and the naturalsteelhead are minimal. The current practice of
supply supplemented where and when necessary,stocking spring- and fall-run chinook salmon and
Existing and past gravel mining operations in thesteelhead using fish reared in the Feather River
stream channel, which affect the natural fluvialHatchery should be reconsidered. The
sorting and cleansing of gravel and inhibit gravelramifications of this practice for.wild stocks in the
recruitment downstream, will be changedto limitFeather River and adjacent Central Valley
their effects, watersheds require careful consideration. Efforts

to evaluate the genetic integrity of spring-run
chinook salmon stocks in the Feather River will
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be expanded to include fall-run chinook salmon VISIONS FOR ECOLOGICAL
and steelhead. Criteria used to select genetic types, PROCESSES
of adult salmon and steelhead for the hatchery
will be carefully evaluated to minimize possibly

CENTRAL VALLEY STREAM_FLOWSdamaging effects on the genetic integrity of wild
populations in the Central Valley. Streamflow shapes stream channels. Riparian

BEAR RIVER AND HONCUT CREEK vegetation, provides habitat for fish, moderates

ECOLOGICAL UNITS water temperature in rivers, attracts anadromous
fish to spawning streams, and transports young
anadromous fish to downstream nursery areas inThe vision for the Bear River and Honcut Creek

Ecological Units is to improve conditions for fall- the Sacramento River, Bay-Delta estuary, and

run chinook salmon by maintaining andocean. Streamflow in each of these rivers is

improving stream-channel, riparian, andimpaired by upstream storage reservoirs and

floodplain habitat; ensuring adequate spawningdiversions, particularly in dry and normal rainfall

gravels; and, where possible, improving late-fallyears. A healthy streamflow pattern in the rivers
and in the Sutter Bypass would emulate (imitate)flows for adult salmon spawning migrations, and

late-winter flows to support young salmonthe natural runoffpattern, with a late-winter/early-

emigrating from the river. In addition, improvingspring flow event and summer-fall base flows that

gravel recruitment and riparian habitat wouldmaintain important ecological processes,

provide adequate habitat for salmon and steelheadfunctions, habitats, and important species. The
vision for streamflows is to provide a short-termin years when they use these streams. In addition
(l 0-day) flow event in late winter or early springto improving floodplain habitats, upper watershed

health should be improved by reducing forestthat typically occurred at least once in dry and

fuels and implementing other practices to protectnormal years prior to water supply development

streamflows, stream channels, and riparian habitaton the rivers.

and minimize sediment input to the streams.
NATURAL SEDIMENT SUPPLY

SUTTER BYPASS ECOLOGICAL UNIT
Gravel recruitment from basin watersheds is

The vision for the Sutter Bypass Ecological Unitimportant to provide a natural stream channel
configuration and stream substrate (bottom

is to restore adequate streamflows, as well asmaterial), as well as essential spawning gravelsstream channel, riparian, and wetland habitats in
for salmon and steelhead. A natural sedimentthe floodplain, and to ensure passage of adult

salmon migrating upstream through the Suttersupply is also important to natural stream

Bypass. In addition to improving conditions formeander and to riparian habitat regeneration.

migrating salmon and steelhead in the SutterSediment transport and gravel recruitment has

Bypass, actions taken to benefit salmon andbeen eliminated below major dams in zone rivers.

steelhead will improve waterfowl and wildlifeThe vision is to supplement the gravel supply

habitat in the bypass. Fish passage and unscreenedbelow major dams on the three rivers where

diversion problems should be resolved wherehabitat,needed fOrripariansalmOnhabitat,and andsteelheadnatural~Pawningstream
possible,

channel and meander development.

STREAM MEANDER

In their floodplains, Central Valley rivers
naturally meander through floodplain sediments,
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progressively eroding the next bank while addingby cold-water releases from deeper bottom waters
to the previous bank. This process, called a streamof the major reservoirs. The extent of cool water
meander, occurred in the stream corridors of thehabitat below the dams depends on the amount of
Feather, Yuba, and Bear Rivers. A natural streamcold water released from the dams, the extent of
meander process in the lower Feather, Yuba, andshade along the river channels provided by
Bear River floodplains provides much of theriparian vegetation, and the amount of warm
habitat needed to support healthy riparianwater discharge into the rivers from urban and
systems, wildlife, and aquatic species. Today, theagricultural drainage. Improving water
natural meander process in each stream istemperatures below the major impoundments in
inhibited by dams, bank protection, bridgethis zone can contribute to ecological system
abutments, and flood control levees. In somehealth and promote sustainable fisheries.
places, bank erosion occurs, but lack of sedimentSteelhead and spring chinook particularly depend
precludes adding to the previous banks. Theon cool summer water temperatures as they
vision is to restore a portion of the naturalremain in the rivers through the summer. High fall
meander to the rivers by setting back levees wherewater temperatures in the lower rivers hinder
they are necessary and by removing structuresupstream migrations of fall-run chinook salmon
from the floodplain where possible, and steelhead. The vision for water.temperatures

in these rivers is to provide sufficient summer and
NATURAL FLOODPLAIN AND FLOOD PROCESSES early-fall base flows from the dams and restore

the riparian corridors and natural stream channel
The Sacramento Valley formerly had manycharacteristics that limit river heating.
natural overflow basins that retained floodwaters,Maintaining sufficient cool water storage in the
permitted sediment deposition, and provided fishreservoirs in droughts will also be important to
and waterfowl habitat. Partially reactivating thesemaintain a minimum of cool-water habitat in the
important ecological functions will contribute torivers.
system health and provide for prolonged periods
of natural streamflow and sediment input. Natural UPPER WATERSHED PROCESSES
overflow basins would also supply important
habitat for fish, including chinook salmon andIn the upper watersheds above the valley
splittail, as well as nesting and foraging habitatfloodplains, health of the rivers depends on
for many waterfowl. The vision is to restorehealthy forests, grasslands, and riparian habitats.
natural overflow basins within the lowerHealthy watersheds store water and limit the
floodplains of the four rivers and Sutter Basin.amount of watershed soils washed into the rivers.
This would provide additional flood control Healthy watersheds are important f or maintaining
protection for other areas in this zone andwater supplies and water quality. WaterShed
downstream, as well as valuable natural wetland,health has been impaired by overgrazing riparian
riparian, and aquatic habitats for fish and wildlife,corridors and poor forest management practices.

Watershed health is presently impaired by high
CENTRAL VALLEY STREAM TEMPERATURES fire fuel loads, high soils erosion, wildfires, and

poorly designed and maintained roads. The vision ~
Salmon and steelhead depend on cool water foris to support state-of-the-art forest and range
their survival. In the Feather, Yuba, and Bearmanagement in the upper watersheds of the zone
Rivers, salmon and steelhead are confined totheto protect water supply and quality that is
floodplains below the dams. Maintaining coolimportant to the floodplain and Bay-Delta.
water below the dams is essential to maintaining
salmon and steelhead in these rivers. Summer and
early fall water temperatures in floodplains of
these rivers are naturally warm, but are kept cool .
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VISIONS FOR I-IABITATS unscreened diversions will contribute to overall
ecosystem health by promoting sustainable

SEASONAL WETLAND I-IABITAT fisheries and higher population levels. The vision
is to screen those diversions presently with no

Seasonal flooding of leveed lands and floodscreens or with inadequate screens that where
bypasses provide important habitat for waterfowl, there is a potential to screen young fish in
native fish, native plants, and wildlife. Floodingsignificant numbers.
and d~’aining seasonal wetlands also contributes to
the aquatic foodweb. The vision is to increase the DAMS, RESERVOIRS, WEIRS~ AND OTHER

frequency and extent of over-bank flooding in the STRUCTURES
river floodplains and Sutter Basin.

Instream structures can impair up- and

RIPARIAN AND RIVERINE AQUATIC I-IABITATS downstream adult and juvenile fish passage. The
vision for the Feather River/Sutter Basin

Riparian and shaded riverine aquatic (SRA)Ecological Zone is that the connections between
habitats are important to the health of the riversupstream fish holding, spawning, and rearing
by providing shade, insects and organic debrisareas and the Sacramento River are improved and

important to the aquatic foodweb, and soil andmaintained to permit unobstructed or unimpaired
fish passage. Fish passage at Daguerre Point Dambankprotection.Theripariancorridorsandrelated

SRA habitat are impaired by lack of natural on the Yuba River needs to be improved to permit
stream meander; river channel confinement byeasier up and downstream passage for steelhead
levees; and streamside vegetation loss to animaland chinook salmon.
grazing, levee construction, and agricultural
clearing. The vision is to improve and restore LAND USE
riparian and SPA habitat along the rivers and
Sutter Bypass, where possible and needed. Land use changes in the zone include hydraulic

gold and gravel mining, agricultural, grazing, and

AGRICULTURAL LANDS flood control bypasses. Land use practices have
contributed to the decline in riparian health;

Improving habitats on and adjacent to agriculturalimpaired gravel recruitment, cleansing, and

lands in the Feather River/Sutter Basin Ecologicaltransport capabilities; and reduced overall

Zone will benefit native waterfowl and wildlifeecosystem health. The vision is to improve and

species. Emphasizing certain- agriculturalchange land use to restore important stream and

practices (e.g., winter flooding and harvestingfloodplain processes and wetland, riparian, and

methods that leave some grain in the fields) willstream habitats.
also benefit many wildlife that seasonally use
these important habitats. I:[ARVEST OF FISH AND WILDLIFE

VISIONS FOR REDUCING OR The legal and illegal anadromous fish harvest in
the river, estuary, and ocean constrains recovery

ELIMINATING STRESSORS of wild anadromous fish populations. Reducing
the harvest would likely be necessary to allow

WATER DIVERSIONS recovery of wild populations to a healthy
condition. The vision is to continue to take actions

Water diversions along the rivers and Sutterthat will reduce the wild ~nadromous fish harvest
Bypass divert not only water but small fish. Manyand focus legal harvest on hatchery stocks of
diversions are screened to reduce young fishsalmon and steelhead.
losses. Reducing losses to screened and
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ARTIFICIAL PROPAGATION OF FISH riparian, and SPA habitats; stream channel and
meander; and gravel recruitment will also

Stocking hatchery-reared salmon and steelhead inimprove spring- and fall-run chinook salmon
the Feather River supports important sport andspawning and rearing habitat. Screening
commercial fisheries and helps to mitigate salmonunscreened and poorly screened diversions will
and steelhead losses caused by large dams andimprove young salmon production. Limiting
reservoirs. Hatchery fish also supplementharvest will help ensure adequate numbers of
naturally spawning salmon and steelhead in thespawners.
river. However, hatchery salmon and steelhead
may impede the recovery of wild populations by STEELHEAD
competing with and preying on young wild fish
and reducing the genetic integrity of the wildSteelhead will benefit from improved peak flow
populations. The vision is to improve hatcheryevents, especially in dry and normal years. Late
practices of adult fish selection, spawning,winter, early spring flow events will provide
rearing, and release to minimize potentialattraction for upstream migrating adults and
conflicts with naturally-spawning salmon andsupport downstream migrating juveniles.
steelhead populations. Improved summer-fall base flows are needed to

maintain over-summering physical habitat and
VISIONS FOR SPECIES water temperatures.lower Steelheadwill also

benefit from improved gravel spawning habitat,

WHITE STURGEON AND GREEN STURGEON and stream rearing habitat, especially if summer
river heating is reduced in the Screeningprocess.

White sturgeon and green sturgeon are known tounscreened and poorly screened diversions will
inhabit and possibly spawn in the lower Featherimprove young steelhead production. Limiting
River. Improved flows and stream channel andharvest to hatchery steelhead will help to protect

floodplain processes will benefit sturgeonwild steelhead.
populations through improved habitat and food
supply. Higher peak late winter and spring flows STRIPED BASS
will provide attraction for adult sturgeon moving
upstream from the lower rivers, Delta, Bay, andStrip,ed bass will benefit from larger late winter,
ocean. Stream channel improvements will provideearly spring flow events in the lower Feather
greater amounts and improved quality ofRiver. The higher flow will provide upstream
spawning and early rearing habitat. Screeningattraction flows and improve transport of eggs
unscreened diversions will reduce young sturgeonfrom spawning areas in the lower Feather and
losses to water diversions. Limiting the adultSacramento Rivers.
sturgeon harvest will also protect the populations.

AMERICAN SHAD

CHINOOK SALMON
Improved spring flows should benefit American

Spring-and fall- run chinook salmon will benefit "shad runs in the lower Feather and Yuba Rivers.
from improved flows. Late winter and springGreatermagnitudeflow eventsin springwill
flows will provide attraction for upstream provide attraction flows for adults to lower river

migrating adult spring chinook and downstreamspawning areas. Higher spring through fall base
flows should improve spawning and early rearing,migratingspring-andfall-runchinook.Summer

and fall base flow improvements will benefitpost-spawning adult survival, and juvenile shad
over-summering adult and juvenile spring chinooksurvival and downstream migration.

salmon, well migrating fall-runas as upstream
chinook salmon. Improvements in wetland,
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SPLITI’AIL and steelhead populations. The U.S. Army Corps
of Engineers owns and operates the Daguerre

Improvements in the riparian and stream meanderPoint Dam on the Yuba River and is undertaking
corridors, wetlands, and floodplain overflow evaluations to improve fish passage and fish
basins will improve spawning and early rearingscreening opportunities.
habitat of splittail and other native resident fish
species. Improved late winter and early spring CENTRAL VALLEY PROJECT IMPROVEMENT
flows will provide attraction flows for upstream ACT
migrating adult splittail from the Delta, and
improve transport of larvae splittail downstreamRestoring and maintaining ecological processes
to the lower rivers and Bay-Delta. and functions in the Feather/Sutter Ecological

Zone will augment other important ongoing and
WATERFOWL future restoration efforts for the zone. The

program proposed by the Central Valley Project
Waterfowl will benefit from improved riparian Improvement Act (CVPIA) will complement
corridors, floodplain overflow basins, and more efforts of the USFWS’s Anadromous Fish
wetlands. Restoration Program (USFWS 1997). Thegoal of

the program is to double the average anadromous

INTEGRATION WITH OTHER fish population that was produced naturally in the

RESTORATION PROGRAMS
system from 1967 through 1991.

SALMON~ STEELHEAD TROUT AND
Maintaining and restoring the health of theANADROMOUS FISHERIES PROGRAM ACT (SB
ecological units in the Feather River/Sutter Basin 2261)
Ecological Zone will depend on the efforts of
local and State water management agencies.The vision will also help the DFG to reach its
Efforts in the Sutter Basin will be linked togoal, under this program, of doubling the number
activities of the California Waterfowl Association, of anadromous fish that were produced in 1988.
Ducks Unlimited, The Nature Conservancy, and
the California Rice Industry. Overall, these efforts’ CENTRAL VALLEY HABITAT JOINT VENTURE
will require cooperation from resource agencies,
such as DFG, the California Department of WaterThe Central Valley Habitat Joint Venture and the
Resources (DWR), the U.S. Fish and Wildlife North American Waterfowl Management Plan
Service (USFWS), and the National Marine have developed objectives for wetlands in the
Fisheries Service, as well as participation andButte Basin Ecological Zone. These objectives are
support from the U.S. Bureau of Reclamationconsistent with the ERPP targets developed for
¯ (Reclamation), the U.S. Natural Resourcesthis eeologicalzone.
Conservation Service (N-RCS), and other private
organizations, water districts, and landowners. ’ LINKAGE TO OTHER
These groups will work together to maintain and
restore streamflows and fish and wildlife habitat, ECOLOGICAL ZONES
reduce impacts of diversions, minimize poaching,
and minimize habitat and water qualityMany of the resource elements in the Feather
degradation in basin streams. Funding may beRiver/Sutter Basin Ecological Zone depend
provided to enhance streamflows, reduce fish-extensively on conditions or elements in other
passage problems, screen diversions, restorezones. Anadromous fish, for example, are highly
habitats, and increase California Fish and Gamemigratory and depend on conditions in the
Code enforcement to protect recovering salmonmainstem Sacramento River, the Delta, San
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Francisco Bay, and the nearshore Pacific Ocean. ECOLOGICAL PROCESSES
Because these fish are affected by stressors
throughout their range, such as unscreened CENTRAL VALLEYSTREAMFLOWS
diversions, toxic contaminants, degraded water
quality, and harvest, restoring populations in theIMPLEMENTATION OB~-ECTWE: The implemen-
Feather River/Sutter Basin Ecological Zone willration objective for Central Valley streamflows is
require corresponding efforts in other zones, to restore basic hydraulic conditions to reactivate

and maintain ecological processes that create and
Reducing or eliminating stressors in thesustain habitat required for healthy fish, wildlife,
downstream ecological zones and improving orand plant populations.
recreating habitat in those zones are important
steps in restoring healthy fish, wildlife, and plantTARGET 1: More closely emulate the seasonal
communities in the Feather River/Sutter Basinstream flow pattern in the Feather River by
Ecological Zone. Efforts in the Sutter Basin,providing March flow events of 4,000 to 6,000 cfs
particularly those relating to the Sutter Bypassin dry years, 6,000 to 8,000 cfs in below-normal
and Butte Slough, will greatly benefit the otheryears, and 8,000 to 10,000 cfs in above-normal
ecological zones and units of the upperyears. Provide ormaintain flows that mobilize and
Sacramento River. transport sediments, allow upstream and

downstream fish passage, create point bars, and
IMPLEMENTATION OBJECTIVES, contribute to stream-channel meander and riparian

TARGETS~AND PROGRAMMATIC
vegetation succession. In addition, provide
minimum flows recommended by DFG (1993).

ACTIONS Flows will be provided only if they are less than
or equal to Oroville Reservoir inflow (~).

Targets developed for the Feather River/Sutter
Basin Ecological Zone can be classified by theirPROGRAMMATIC ACTION 1A: Develop a
reliability in contributing to attainment of thecooperative program to evaluate the benefits of
implementation objectives. The target supplemental Feather Pdver flows to ecological
classification system used in the following sectionprocesses and riparian and riverine aquatic
is as follows: habitats.

Class Description TARGET 2: Evaluate the potential benefits to
¯ Target for which additibnal research, increased salmon and steelhead production in the

demonstration, and evaluation is needed to Feather River of releasing 2,500 cfs from Oroville
determine feasibility or ecosystem response. Dam during September through May and 1,100

cfs during June through August in wet and normal
~ Target which will be implemented in stagesyears, and 1,700 cfs during September through

with the appropriate monitoring to judge May and 800 cfs during June through August in
benefit and success, dry years (~).

~ Target that has sufficient certainty successPROGRAMMATIC ACTION 2A: Develop aof

to justify full implementation in accordance cooperative program to supplement Feather River
with adaptive management, program priority flows with water acquired from new water
setting, and phased implementation, and insources,watertransfers, willingsellers

accordance with applic~ible guidelines or
negotiated agreements.
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TARGET 3: Supplement flows in the Yuba River Minimum Streamflow
with March flow events of 2,000 to 3,000 cfs in Recommendations for Bear River
dry years and 3,000 to 4,000 cfs in normal years Month Flows (efs)
to improve conditions for all chinook salmon,
steelhead, and American shad life stage,s. In October 1-14 100
addition, provide minimum flows recommended October 15-December 15 250
at Marysville by DFG (1993). See table below.
Flows will be provided only if inflow to January-March 25.0
Englebright and New Bullards Bar Reservoirs is
sufficient to meet the flow requirements (,,). April-June 250

July-September I0
Minimum Streamflow Recommendations

for Yuba River at Marysville
RATIONALE." The streams in the Feather

Flow in All Water- River/Sutter Basin Ecological Zone provide
Period Year Types extremely valuable habitat for spring-run chinook

October l-March 31 600-700 cfs salmon and steelhead trout. Key benefits of
streamflow in this ecological zone are successful

April 1-June 30 1,000 cfs minimum upstream of adult fish passage and downstream
passage of juvenile fish. In addition, flow drives

July 1-September 30          450 cfs              many ecological functions and processes linked to
stream-channel morphology, riparian commu-

PROGRAMMATIC ACTION 3A: Supplement flows nities, and fish habitat.
in the Yuba River.below Englebright Dam with
water acquired from new water sources, waterSupplementing flows on the Yuba River by
transfers, and willing sellers, consistent withacquisition of water from willing sellers depends
applicable guidelines or negotiated agreements toon whether or not there are any willing sellers.
provide flows recommended by DFG (1993) to Findings from a detailed hydrologic and
improve conditions for all of chinook salmon andoperations assessment of the Yuba River system to
steelhead life stages. See table above, develop water-year-type-specific instream flow

recommendations indicate that, with the exception
TARGET 4: Supplement flows in the Bear River to of wet years, insufficient water would be available
improve conditions for all chinook salmon andwithin the system to always meet the
steelhead life stages. Provide a flow event of 300recommended flows (Beak 1996). In years when
to 500 cfs in dry years. See table below forflow augmentation is required, a decision, will
recommended minimum streamflows (,~). have to be made regarding use of acquired water

in the spring to either meet DFG ’s
PROGRAMMATIC ACTION 4A: Supplement flows recommendation of I, O00 cfs at Marysville during
in the Bear River with water acquired from new the April-June period, or to use this water to 1)
water sources, water transfers, and willing sellersprovide higher flows and, therefore, greater
consistent with applicable guidelines orthermal protection to steelhead during July-
negotiated agreements to provide flows that willSeptember, or .2) supplement flows during the
improve conditions for all chinook salmon andOctober-December period to benefit fall-run
steelhead life stages, chinook salmon spawning.

Studies conducted in the lower Yuba River during
1976-1978 revealed that the lower Yuba River is
not a season-long nursery area for American shad
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(Meinze 1979). That may reflect drought ~PROGRAMMATIC ACTION 1C: Evaluate the
condition duringpart of the study period but the quality of spawning gravel in areas used by
study did reveal that newly hatched shad fry are chinook salmon in the Bear River. If indicated,
rapidly transported downstream and into the renovate or supplement gravel supplies to enhance
Feather River. Larvae are swept out by currents substrate quality
before they grow large enough to maintain their
position in the river. Juvenile shad spend several RA TIONALF.: Gravel transport is the process
weeks to several months in the Feather and wherebyflowscarryawayfinersediments thatf!ll
Sacramento rivers and in the Delta, which is gravel interstices (i.e., spaces between cobbles).
considered the primary rearing habitat for Gravel cleansing is the process whereby flows
American shad (Painter et al. 1977, Painter et al. transport, grade, and scour gravel. Gravel
1979, Meinze 1979, SWRCB 1992). Consequently, transport and cleansing, by flushing most fines
higher spring flows in the lower Yuba River may and moving bedload, are important processes to
provide minimal increased benefits for young maintain the amount and distribution of spawning
shad. habitat in the Sacramento-San Joaquin River

activities greatly reduced orbasin.Human have
NATURAL SEDIMENT SUPPLY altered these processes. Opportunities to maintain

and restore these processes include changing
IMPLEMENTATION OBJECTIVE: The implemen- water flow, sediment supplies, and basin
tation objective for natural sediment supply is togeomorphology; removing stressors; or
establish sufficient quantities to riverine andmanipulating channel features and stream
estuarine systems to restore or reactivate streamvegetation directly. Gravel deposits in Feather
channel meander and point bar formation, provideRiver/Sutter Basin Ecological Zone streams are
sediments to rebuild wetlands and shallow-wateressential to maintain spring- and fall-run chinook
habitats, and provide for nutrient transport, salmon, steelhead trout, and other resident native

fish spawning and rearing habitats. Opportunities
TARGET 1: Maintain existing erosion and gravelto maintain and restore gravel recruitment
recruitment levels in tributaries that sustain aninclude manipulating natural processes and
adequate level of gravel recruitment, or restorecontrolling or managing environmental stressors
desirable levels by directly manipulating andthat adverselyaffectrecruit~ment.
augmenting gravel supplies where the natural
fluvial process has been interrupted by dams or STREAM MEANDER
other features that retain or remove the gravel
supply (,~). IMPLEMENTATION OBJECTIVE: The implemen-

tation for stream meander is toobjective maintain,
PROGRAMMATIC ACTION1A: Evaluate spawning improve, or restore natural stream- meander
gravel quality in areas used by chinook salmon inprocesses to allow natural sediment recruitment,
the Feather River. If indicated, renovate orcreate habitats;and promote riparian succession.
supplement gravel supplies to enhance substrate
quality by importing 4,000 to 8,000 tons of TARGET 1: Preserve and expand the stream-
additional gravel below the hatchery as conditionsmeander belts in the Feather, Yuba, and Bear
require. Rivers by adding a cumulative total of 1,000 acres

of riparian lands to the meander zones (,~).
PROGRAMMATIC ACTION 1B: Evaluate spawning
gravel quality in areas used by chinook salmon inPROGRAMMATIC ACTION 1A: Acquire riparian
the Yuba River. If indicated, renovate or supple-and meander-zone lands by purchasing them
ment gravel supplies to enhance substrate quality,directly or acquiring easements from willing

sellers, or provide incentives for voluntary efforts
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to preserve and manage riparian areas on private PROGRAMMATIC ACTION 1A: Conduct a
land. ~ feasibility study to construct setback levees in the

Feather, Yuba, and Bear lower .river floodplains.
PROGRAMMATIC ACTION 1B: Build local support
for maintaining active meander zones by PROGRAMMATIC ACTIONIB:Restore, asneeded,
establishing a mechanism whereby property stream channel and overflow basin configurations
owners would be reimbursed for lands lost to within the floodplain.
natural meander processes.

PROGRAMMATIC ACTION lC: Minimize effects
PROGRAMMATIC ACTION 1C: Develop a of permanent structures, such as bridges and
cooperative program to improve opportunities for diversion dams, on floodplain processes.
natural meander by removing riprap and
relocating other structures that impair stream PROGRAMMATIC ACTION 1D: Develop a
meander, floodplain management plan for the Feather

River.
RarIO~VALE: Preserving and improving the
stream-meander belts in the Feather River/Sutter PROGRAMMATIC ACTION 1E: Develop a
Basin Ecological Zone will ensure that this floodplain management plan for the Yuba River.
important natural process is maintained.
Typically, these reaches are important for PROGRAMMATIC ACTION 1F: Develop a
spawning and rearing salmon and steelhead. A floodplain management plan for the Bear River.
natural meander process will provide near-
optimal habitat for spawning (through gravel PROGRAMMATIC ACTION 1G: Develop a
recruitmenO, rearing (channel configuration, floodplain management plan for the Sutter Basin
cover, and foodweb), and migration. There is and Sutter Bypass.
limited potential for natural channel migration in
narrowly leveed sections. Overall, the program RATIONALE: Setback levees will provide greater
must be consistent with flood control floodplain inundation, room for stream meander,
requirements and in the longer term, should and more riparian forest and seasonal wetland
reduce need forfuturefloodcontrol efforts by habitats along the lower rivers. Channel
using natural system resilience and flood control configuration adjustments may be necessary to
characteristics, accelerate natural floodplain habitat restoration

and to restore and maintain configurations that
NATURAL FLOODPLAINANDFLOOD may not occur naturally due to remaining

PROCESSES constraints from new setback levees. Permanent
structures, such as bridges and diversions dams,

IMPLEMENTATION OBJECTIVE: The implemen7 can interrupt and impair natural floodplain
tat¯on objective for natural floodplains and flood processes and habitat development and
processes is to modify channel and basin succession. Thus, it maybenecessarytoremove
configurations to improve floodplain function or rebuildsome structures or require continuing
along rivers and streams in the Sacramento-San maintenance or mitigations to minimize their
Joaquin basin, effects.

TARGET 1: Restore and improve opportunities for CENTRAL VALLEY STREAM TEMPERATURES

rivers to seasonally flood their floodplain (,).
IMPLEMENTATION OBJECTIVE: The implemen-
tation objective for Central Valley stream
temperatures is to maintain, improve, and restore
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I
water tem mrature regimes to meet the life-historyhydrologic conditions are adequate, to minimize
needs of aquatic organisms, adverse effects on water-supply operations.

I TARGET 1: Improve water quality conditions in PROGRAMMATIC ACTION 1G: Develop a
the Feather, Yuba, and Bear Rivers to benefitcooperative approach to providing ~dequate water

I anadromous fish (,~). temperatures in the Bear River (see table below)
for all chinook salmon and steelhead life stages.

PROGRAMMATIC ACTION 1h: Develop and use a

I temperature model as a tool for managing the Required Water Temperatures
Feather River. in the Bear River for Chinook Salmon

: and Steelhead
, ¯ PROGRAMMATIC ACTION 1B: Develop a Temperature (*F)
I cooperative program to identify and remove Month Flows

physical and water quality barriers in the Feather (cfs) Wheat- High-
River that impede access for white and green land way 70

I sturgeon to spawning habitat, or facilitate passageOctober 1-14 100 60 60
around these barriers.

October 15- 250 58 57

I PROGRAMMATIC ACTION 1C: Develop a December 15

cooperative approach to operating reservoirs in January-March 250 56 57 ¯
the Yuba River watershed to provide adequate

I water temperatures for anadromous fish.               April-June250 60 60

PROGRAMMATIC ACTION 1D: Develop a July-September I0 65 65

I cooperative program to maintain mean daily water
temperatures below 65°F for at least 1 month fromRA TIONALE: Aquatic species have very specific
April 1 to June 30 for American shad spawning inwater temperature requirements that vary by

i the Feather River. This is consistent with actionsstage in their life cycles. Water temperatures are
to protect chinook salmon and, steelhead and,typically high during the late summer and early
when hydrologic conditions are adequate, tofall, when water management flexibility below the

i minimize adverse effects on water-supplymajor reservoirs is typically limited. Water
operations, temperatures should be addressed through

integrated water and temperature management
PROGRAMMATIC ACTION 1E: Evaluate whether programs that seek to conserve cool water

I improving water temperature control with shutterreservoir pools forreleaselater inthe summer.

configuration and present coldwater pool
management at New Bullards Bar Dam on theOperating toprovide specific water temperatures

I Yuba River are effective. Modify the water at the appropriate times in systems where aquatic
release outlets at Englebright Dam if these.resources    have    differing temperature
improvements are effective, requirements can be difficult. In situations where

I water temperature requirements may conflict,
PROGRAMMATIC ACTION 1F: Develop a water temperature operations should first address
cooperative program to maintain mean daily waterthe needs of native species and then introduced

I temperatures below 65°F for at least 1 month fromspecies. On the Feather and Yuba rivers, the

April 1 to June 30 for American shad spawning inwater temperature requirements ofanadromous

the Yuba River. This is consistent with actions tosalmonids (chinook salmon and steelhead) have

i protect chinook salmon and steelhead and, whenpriority. After their temperature needs are met,
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then the temperature requirements of American ¯ provide high-qua!ity foraging and resting I
shad canbeaddressed, habitat for wintering waterfowl, greater

sandhill cranes, and migratory and wintering ¯
UPPER WATERSHED PROCESSES shorebirds.

IMPLEMENTATION OBJECTIVE: The imple- This will help to restore and maintain the
mentation objective for upper watershed healthecological health of the aquatic resources in and
and function is to restore ecological processes independent on the Delta.
the upper watersheds to maintain and improve of
water quality and quantity flowing intoTARGET 1: Assist in protecting 500 acres of
Sacramento-San Joaquin Delta and San Franciscoexisting seasonal wetland habitat through fee
Bay tributaries and rivers, acquisition or perpetual easements~consistent with

the goals of the Central Valley Habitat Joint
TARGET 1: Restore upper watershed processesVenture and the North American Waterfowl
(~). Management Plan (~).

PROGRAMMATIC ACTION 1A: Reduce excessive PROGRAMMATIC ACTION 1A: Develbp and
fire fuel loads in upper watersheds, implement a cooperative program to improve

management of 500 acres of existing, degraded
PROGRAMMATIC ACTION 1B: Improve forest seasonal wetland habitat in the Sutter Bypass
management practices, including practicesEcological Unit.
relating to timber harvest, road building and
maintenance, and liv6stock grazing. TARGET 2: Develop and implement a cooperative

program to enhance 3,090 acres of existing public
PROGRAMMATIC ACTION 1C: Develop a and private seasonal wetland habitat consistent
watershed management plan. with the goals of the Central Valley Habitat Joint

Venture and the North American Waterfowl
RATIONALE: Improving watershed processes will Management Plan (~).
maintain and restore seasonal runoff patterns,
water yield, and water quality and reduce PROGRAMMATIC ACTION 2A: Restore and
sediment load to downstream storage reservoirs manage seasonal wetland habitat throughout the
(consequently reducing storage capacity and Sutter Bypass Ecological Unit.
improving water quality). Healthier watersheds
will also benefit upper watershed habitats and RATIONALE." Restoring seasonal wetland habitats

along with aquatic, permanent wetland, andspecies.
riparian habitats is an essential element of the

I-IABITATS restoration strategy for the Feather River/Sutter
Basin Ecological Zone. Restoring these habitats

SEASONAL WETLANDS will also reduce the amount and concentrations of
contaminants that could interfere with restoring

IMPLEMENTATION OBJECTIVE: Restore and the ecological health of the aquatic ecosystem.

manage seasonal wetland habitat to: Seasonal wetlands support a high production rate
of primary and secondary food species and large

¯ restore i’oodweb and floodplain processes,         blooms (dense populations) of aquatic
invertebrates.

¯ reduce the effects of contaminants and water
management on the Delta’s aquatic resources;Wetlands that are dry in summer are also efficient

and sinks for the transformation of nutrients and the
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breakdown of pesticides and other contamihants, to improve salmonid habitat and instream cover
The roughness of seasonal wetland vegetation . along the Feather River.
filters and traps sediment and organic
particulates. Water flowing out from seasonal PROGRAMMATIC ACTION 11): Purchase
wetlands is typically high in foodweb prey species streambank conservation easements from willing
concentrations and fine particulate organic sellers or establish voluntary incentive programs
matter that feed many Delta aquatic and to improve salmonid habitat and instream cover
semiaquatic fish and wildlife. To capitalize on along the Bear River.
these functions, most of the seasonal wetlands of
the Colusa Basin Ecological Zone shouM be RATIONALE: Many wildlife species, including
subject to periodic flooding and overland flow several listed as threatened or endangered under
from river floodplains, the State and federal Endangered Species Acts

and several special-status plant species in the
RIPARIAN AND RIVERINE AQUATIC I-IABITATS Central Valley, depend on or~ are closely

associated with riparian habitats. Riparian
IMPLEMENTATION OBJECTIVE: implemen- support a greater wildlife speciesThe habitats
ration objective for riparian and riverine aquaticdiversity than all other habitat types in California.
habitats is to restore riparian scrub, woodland, andRiparian habitat degradation and loss has
forest habitat along largely nonvegetatedsubstantially reduced the habitat area available
riprapped banks of Delta island levees, thefor associatedwildlifespecies. Lossof this habitat
Sacramento and San Joaquin Rivers, and majorhas reduced water storage, nutrient cycling, and
tributaries of the Sacramento and San Joaquinfoodweb support functions.
Rivers. This would create riparian vegetation
corridors to provide shaded riverine aquatic coverImproving low- to moderate-quality shaded
for anadromous and other fish species. Habitatriverine aquatic habitat will benefit juvenile
restoration also would create high-quality habitatchinook salmon and steelhead by improving
for associated special-status plant and animalshade, cover, and food. Wildlife in this ecological
species and other wildlife, zone will also benefit from improved habitat.

Protecting and improving shaded riverine aquatic
TARGET: Provide conditions for riparian habitat may involve changes in land use that will.
vegetation growth along river sections in therequire the consensus of local landowners and
Feather River/Sutter Basin Ecological Zone (~).local State, and federal agencies. Limitations on

land suitable or available for restoration will
PROGRAMMATIC ACTION 1A: Purchase require establishing priorities, with efforts
streambank easements willing at acquiring high-priority, sitesconservation from directed low-cost
sellers or establish voluntary incentive programsfirst.
to improve salmonid habitat and instream cover
along the Yuba River. AGRICULTURAL LANDS

PROGRAMMATIC ACTION 1B: Evaluate the IMPLEMENTATION OBJECTIVE: Cooperatively.
benefits of restoring stream-channel and riparianmanage agricultural lands to provide high quality
habitats on the Yuba River, including creatingwildlife values for associated species, and
side channels to serve as spawning and rearingmaintain or increase the economic viability of
habitats for salm0nids, agricultural lands.

PROGRAMMATIC ACTION 1C: P.urchase TARGET 1: Cooperatively manage 57,578 acres
streambank conservation easements from willingof agricultural lands consistent with the objectives
sellers or establish voluntary incentive programsof the Central Valley Habitat Joint Venture and
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1
the North American Waterfowl Management Planwill increase the overwinter survival rates of
(~)" ~ wildlife and strengthen them for migration, thus

improving breeding success~ (Madrone and Assoc. 1
PROGRAMMATIC ACTION 1A: Increase the area of 1980)
rice fields and other crop lands flooded in winter
and spring to provide high-quality foraging REDUCING OR ELIM/NATING ¯
habitat for wintering and migrating waterfowl and STRESSORS
shorebirds and associated wildlife.

RATIONALE: Following the extensive loss of
WATER DIVERSIONS

!
native wetland habitats in the Central l~alley,
some wetland wildlife species have adapted to the IMPLEMENTATION OBJECTIVE: The implemen-

tation objective is to reduce juvenile fishartificial wetlandsofsomeagriculturalpractices
entrainment into water diversions to increase 1

and have become dependent on these wetlands to
sustain their populations. Agriculturally created

survival and population abundance to levels that
contribute to the overall health of the Delta and          1wetlandsinclude rice lands;fieldsfloodedfor’ reduce conflicts with other beneficial land and 1weed and pest control; stubble management; and

tailwater circulation ponds,
water uses.

TARGET 1: Improve the survival of juvenile 1Managing agricultural lands to increase forage
for waterfowl and other wildlife will increase the anadromous fish in the Yuba River by installing,

survival rates of overwintering wildlife and upgrading, or replacing fish screens (~).

strengthen them for migration, thus improving
breeding success (Madrone Associates 1980) PROGRAMMATIC ACTION 1A: Develop a

cooperative program to improve screening device

Creating small ponds on farms with nearby efficiency in the Yuba River at the Hallwood-
I

waterfowl nesting habitat but little brood habitat Cordua water diversion, an.d. construct screens at
the Brown’s Valley water diversion and otherwill increase production of resident waterfowl

1species when brood ponds are developed and unscreened diversions.
1

managed properly. Researchers. and wetland PROGRAMMATIC ACTION 1B: Evaluate the needmanagers with the DFG, U.S. Fish and Wildlife I
Service and the California WaterfowlAssociation

to improve the efficiency of the fish-screening
device and bypass at the Brophy-South Yuba

have found that well managed brood ponds
Diversion on the Yuba River.produce the high levels of invertebrates needed to

support brooding waterfowl Other wildlife such TARGET 2: Improve the survival of juvenileas the giant garter snake will also benefit.
Restoring suitable nesting habitat near brood

anadromous fish in the Bear River by installing,

ponds will increase the production of resident
upgrading, or replacing fish screens (~).

Iwaterfowl species. PROGRAMMATIC ACTION 2A: Develop a

Restoring nesting habitat, especially when it is diversionsC°°perative inPr°gramthe Beart° RivereValuateto andprotectSCreenall Inear brood ponds, will increase the production of anadromous fish life stages.resident waterfowl species. When the restored
nesting habitat is properly managed, large,~ Iground predators are less effective inpreying on TARGET 3: Improve the survival of juvenile

anadromous fish in the Feather River by
eggs and young of waterfowl and other ground installing, upgrading, or replacing fish screens
nesting birds. Managing agricultural lands to ¯
increase forage for waterfowl and other wildlife ( ~ )" ¯
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PROGRAMMATIC ACTION 3A: Develop a removing Englebright Dam on the Yuba River to
cooperative program to evaluate and screenallow chinook salmon and steelhead access to
diversions in the Feather River to protect allhistorical spawning and rearing habitats.
anadromous fish life stages.

TARGET 2: Improve chinook salmon and
RATIONALE: Water diversion, storage, and steelhead passage in the Bear River by providing
release in the watershed directly affect fish, access to 100% of the available habitat below the
aquatic organisms, and nutrient levels in the SSID diversion dam (~).
system and indirectly affect habitat, foodweb
production, and species abundance and PROGRAMMATIC ACTION 2A: Improve chinook
distribution. Unscreened diversions cause direct salmon and steelhead passage in the Bear River
mortality to youngfish; the level of mortality is by negotiating with landowners to remove or.
likely influenced by the number of young fish modify culvert crossings on the Bear River.
present, diversion size, and diversion timing.

RATIONALE: Dams and their associated reservoirs
DAMS~ RESERVOIRS~ WEIRS, AND OTHER blockfish alter watermovement, quality, remove

STRUCTURES fish and wildlife habitat, and alter hydrologic and
sediment processes. Other structures may block

IMPLEMENTATION OBJECTIVE: The implemen, fish movement or provide habitat or opportunities
tation objective for dams, reservoirs, weirs, andfor predatory fish and wildlife, which could be
other structures is to increase the upstreamdetrimental tofishspecies of special concern.
spawning and rearing habitat connection with the
mainstem rivers in the Sacramento-San Joaquin LAND USE
basin. This would increase success of adult
spawners and survival of juvenile downstreamIMPLEMENTATION OBJECTIVE: Promote range-
migrants~ land management practices and livestock stocking

levels to maintain high-quality habitat conditions
TARGET 1: Increase adult and juvenile for wildlife, aquatic, and plant communities;
anadromous fish passage in the Yuba River byprotect special-status plants; protect riparian
providing access to 100% of the available habitatvegetation; maintain shaded riverine aquatic
below Englebright Dam (~). habitat; and prevent bank erosion.

PROGRAMMATIc AcTION1A:Developacooper- TARGET 1: Protect, restore, and maintain
ative program to improve anadromous fishecological functions and processes in the Feather,
passage in the Yuba River by removing dams orYuba, and Bear River watershed by.eliminating
constructing fish ladders, providing passageconflicts between land use practices .and
flows, keeping channels open,, eliminatingwatershed health(~),
predator habitat at instream structures, and
constructing improved fish bypasses at diversions.PROGRAMMATIC ACTION 1A: Work with

landowners, land management agencies, and
I~ROGRA~TICACTION 1B: Facilitate passage hydropower facility operators to protect and
of spawning adult salmonids in the Yuba River byrestore the watershed.
maintaining appropriate flows through the fish
ladders or modifying the fish ladders at diversionPROGRAMMATIC ACTION 1n: Work with
dams. landowners, land management agencies, and

hydropower facility operators to increase chinook
PROGRAMMATIC ACTION 1C: Conduct a salmon and steelhead survival in the Feather,
cooperative study to determine the feasibility ofYuba, and Bear Rivers and the Sutter Basin.

l ~ ~
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Implement land use plans that establish, restore,PROGRAMMATIC ACTION 1D: Evaluate a marking
and maintain riparian habitats and create bufferand selective fishery program for chinook salmon.
zones between the streams and developments or :
other land use activities, such as livestockRATIONALE: Restoring and maintaining chinook
grazing, salmon and steelhead populations to levels that

take full advantage of habitat may require
RATIONALE; LaTtd use in the Feather River/Sutter restricting harvest during and afier the recovery
Basin Ecological Zone may stress ecosystbm period. Involving the various stakeholder
processes, functions, habitats, and aquatic and organizations should help ensure a balanced and
terrestrial organisms. Potentially harmful land fair harvest allocation. Target population levels
use include urban and industrial development, may preclude existing harvest levels of wild,
land reclamation, construction and use of water- naturally produced fish. For populations supple-
~onveyance facilities, livestock grazing, and mented with hatchery-reared fish, selective
agricultural practices. Locally developed, harvesting may be necessary to limit wild fish
comprehensive watershed management plans will harvest while harvesting hatchery-prbduced fish
provide the most readily usable structure for to reduce their potential to disrupt the genetic
protecting and restoring ecological and resource integrity of wild populations.
values consistent with broad ecosystem
restoration. ARTIFICIAL PROPAGATION OF FISH

I-IARVEST OF FISH AND WILDLIFE IMPLEMENTATION OBJECTIVE: The implemen-
tation objective for artificial fish propagation is to

IMPLEMENTATION OBJECTIVE: The imple- reduce the potentially adverse effects of stocking
mentation objective for harvest is to regulatefishartificially produced fish throughout Central
and wildlife harvest as necessary to avoidValley rivers and streams. Reducing these effects
impairing reproductive capacity in relation towould increase naturally produced fish survival,
available habitat, contribute to long-term restoration goals, and

maintain the genetic diversity of naturally
TARGET 1: Develop harvest managementproducing chinook salmon and steelhead
strategies that allow wild, naturally produced fishpopulations.
spawning populations to attain levels that make
full use of existing and restored habitat, and focusTARGET 1: To protect naturally: produced salmon
harvest on hatchery-produced’fish(~.), and steelhead, minimize the likelihood that

hatchery-reared salmon.and steelhead produced in
PROGRAMMATIC ACTION 1A: Control illegal the Feather River Hatchery will stray into non-
harvest by increasing enforcement efforts, natal streams (,~).

PROGRAMMATIC ACTION 1B: Develop harvest PROGRAMMATIC ACTION 1A: Develop a
management plans with commercial andcooperative program to evaluate the benefits of
recreational fishery organizations, resourcestocking hatchery-reared salmon and steelhead in
management agencies, and other stakeholders tothe Feather River. Stocking levels may be reduced
meet target levels, in y.ears when natural production is high.
PROGRAMMATIC ACTION 1C: Reduce harvest of TARGET 2: Limit hatchery stocking if pop-
wild, naturally produced steelhead populations,uluations of salmon or steelhead can be sustained
where necessary, by marking hatchery-reared fishby natural production (~).
and instituting selective harvesting.

PROGRAMMATIC ACTION 2A: Augment fall-run
chinook salmon and steelhead populations only
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when alternative measures are deemedlevels and extent that existed from 1967 to 1983
insufficient to provide population recovery. (~).

TARGET 3: Minimize further threats of hatchery- PROGRAMMATIC ACTION 1A: Actions in the
produced fish interbreeding with wild chinookFeather River/Sutter Basin Ecological Zone have
salmon and steelhead stocks (~). been desig.ned specifically to restore splittail or

their habitat. This species will directly benefit
PROGRAMMATIC ACTION3A: Adopt methods for from actions in this zone to increase the areal
selecting spawning adults for the hatchery from anextent and distribution of riparian and riverine
appropriate cross section of the adult populationaquatic habitats and natural flood and floodplain
available to the hatchery, processes. (See implementation objective, targets,

and programmatic actions that address riparian
RATIONALE: In watersheds . such as the and riverine aquatic habitat and natural flood and
Sacramento River and Feather River, where dams floodplain processes.) Additional restoration
and habitat degradation have limited natural actions that will benefit splittail are proposed for
spawning, hatchery supplementation may be the Sacramento River, American River Basin,
necessary to sustain fishery harvest at former Yolo Basin, and Eastside Delta Tributaries
levels and to maintain a wild or natural spawning Ecological Zones.
population during adverse conditions, such as
droughts. Hatchery augmentation, however, RATIONALE: Splittail are presently restricted to a
should be limited to protect recovery and fraction of their historic range. Restoring splittail
maintain wild populations. Hatchery-reared to their former range outside the Delta is in an
salmon and steelhead may directly compete with important element for this species. Generally,
and prey on wild salmon and steelhead. Hatchery- species restoration refers primarily to the reduced
produced fish may also threaten the genetic Deltapopulations. Nonetheless, some actions that
integrity of wild stocks by interbreeding with wild may assist in restoring this native species to a
fish. Although irreversible contamination of wild portion of its previous upstream range include:
stocks has taken place, additional protective
measures would minimize further degradation of ¯ creating meander belts along the Sacramento
genetic integrity. Development on the Sacramento River by levee setbacks,
and Feather Rivers might necessitate stocking of
chinook salmon and steelhead to rebuild and ¯ creating fordable wetlands in the lower San
maintain stocks that will sustain sport and doaquin, Tuolumne, and Stanislaus Rivers,
commercial fisheries.

¯ marsh restoration in the Delta and Suisun
SPECIES Marsh,

¯ managing bypasses for fish, andSACRAMENTO SPLI’I’FAIL

IMPLEMENTATION OBJECTIVE: The implemen.- ¯ removing upstream barriers to migration.

tation objective for Sacramento splittailin the
Feather River/Sutter Basin Ecological Zoneis toGiven its distribution, restoration actions
assist in the recovery of this species, which isimplemented in the following ecological zones

proposed for listing under the federal Endangeredwill contribute to splittail recovery."

Species Act (ESA).
¯ Sacramento River,

TARGET 1: Increase the annual ¯ East San Joaquinaverage
abundance and distribution of adult fish to thē San doaquin River
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¯ Sacramento-San Joaquin Delta, PROGRAMMATIC ACTIONS: White and green
¯ Suisun Marsh/North San Francisco Bay, . sturgeon will benefit from actions in this zone to
¯ ColusaBasin, improve streamflow, improve riparian and
¯ Feather River/Sutter Basin, floodplain habitat, reduce losses at unscreened
¯ American RiverBasin, and and poorly screened diversions, and reduce
¯ Yolo Basin. harvest

The many related actions include restoring eco- RATIONALE: The many actions proposed for the
logical processes linked to natural floodplains Feather and Yuba, Bear, Honcut, and Sutter
and flood processes. Bypass shouM increase white and green sturgeon

production and population in the lower Feather
Restoration goals established by the USFWS for River and the Sacramento River. Improved spring
splittail include maintaining an index of flow eventswillprovideattrac,tionflowsforadult
population abundance using the fall midwater sturgeon migrating upstream to spawn in the
trawl index equal to the 1967 through 1983 ’ lower Feather River. Improved stream channel,
average index. Splittail will be considered riparian, and floodplain habitats may increase
restored when the fall midwater trawl index young sturgeon survival through improved food
exceeds 19for 7out of l5 years. Splittail will be supply. Reducing losses at diversions and
considered restored when Suisun Marsh catch per reducing juvenile and adult sturgeon harvest will
trawl exceeds 3.8for 7 out of 15 years and when help restore populations to target levels.
splittail young abundance exceeds 3.1 per trawl
for at least 3 out of 15 years. Splittail will be CHINOOK SALMON
considered restored when Bay Study otter trawl
numbers exceed 18for 7 out of l5 years and when IMPLEMENTATION OBJECTIVE: The implemen-
splittail young numbers exceed14 for 3 out of15 tation objective for chinook salmon in the
years. Feather/Sutter Ecological Zone is to contribute to

restoration of Sacramento River fall-run and
WHITE AND GREEN STURGEON spring-run, chinook salmon to support sport and

viable commercial fisheries.
IMPLEMENTATION OBJECTIVE: Restore white
sturgeon distribution and abundance to historicalTARGET: Maintain the average cohort replace-
levels to support a sport fishery, and assist inment rate of fall-run and spring-run chinook.
green sturgeon recovery, a DFG species of specialsalmon above 1.0 while the stocks are rebuilding.
concern. Meeting this objective would contributeThen maintain a .replacement rate equal to or
to speciesrichnessanddiversityandreducethe greater than 1.0 when the stocks reach restoration
conflict between the need for their protection andgoal levels set by the regulatory agencies (O.).
other beneficial water uses in the Bay-Delta.

PROGRAMMATIC ACTIONS: Fall-run and spring-
TARGET: Maintain a Central Valley-wide pop-
u!ation of 1,000 green sturgeon over 1 m in totalrun chinook will directly benefit from actions in

length, including 500 females greater than 1.3 mthis zone to improve streamflow, maintain lower

in total length. Double the abundance of whitewater temperatures, increase gravel recruitment,

sturgeon older than 15 years from the averageimprove riparian and floodplain habitats, reduce
losses at unscreened or poorly screened

1967 through 1991 population estimates. Maintain
a population of at least 100,000 white sturgeondiversions, reduce harvest, and improve fish

passage. Additional programmatic actions thatthat are greater than 102 cm in total length .(OO).
will contribute to,the Feather/SuRer Zone chinook
salmon restoration are proposed for the
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Sacramento-San Joaquin Delta and SuisunRiver and Honcut Creek. Habitat improvements
Marsh/North San Francisco Bay Ecologicalalong the Sutter Bypass should help to increase
Zones. spring-run and fall-run chinook salmon

populations in Butte Creek (in the Butte Basin
RATIONALE: The many of actions proposed for the Ecological Zone).
Feather, Yuba, Bear, Honcut, and Sutter Bypass
should increase chinook salmon production and STEELItEAD
run size in these streams. Improved spring flow
events in dry and normal years will help transport IMPLEMENTATION OBJECTIVE: The imp!emen-
young chinook salmon downstream to the Bay- ration objective for steelhead trout is to achieve
Delta and ocean and provide attraction flows to naturally spawning populations large enough to
adult spring-run chinook migrating upstream into support inland recreational fishing and fully use
the Feather and Yuba Rivers. and restored habitat thisexisting Meetingareas.

objective would contribute to overall species
Lower water temperatures will reduce adult fall- richness and diversity and reduce conflict between
run chinook salmon stress and mortality in the the need for its protection and other beneficial
late summer and fall. Lower temperature also will water uses in the Bay-Delta.
benefit adult spring-run chinook that must
oversummer below the dams. Increased gravel TARGET: Maintain the average cohort replace-
recruitment below the dams on the Feather, Yuba, ment rate of steelhead trout above 1.0 during the
and Bear Rivers will provide needed spawning period that the stock is rebuilding. Then maintain
beds for fall- and spring-run chinook salmon, a replacement rate equal to or greater than 1.0
Improvements and restoration of riparian, shaded when the stock reaches restoration goal levels set
riverine aquatic, stream meander corridor, and by the regulatory agencies (~).
floodplain wetland habitats will help to increase
juvenile chinook salmon survival by providing PROGRAMMATIC ACTIONS:    Steelhead will
needed habitat and food supply, directly benefit from actions in this zone to

improve streamflow, maintain lower water
Installing state-of-the-art screens on unscreened temperatures, increase gravel recruitment,
and poorly screened diversions will increase improve riparian and floodplain habitats, reduce
young salmon production. Reducing harvest on losses at unscreened or poorly screened
wild chinook salmon, at least in the short term, diversions, reduce heating of the water in the
will help protect and restore wild spring-run and lower rivers, reduce harvest, and improve fish
fall-run populations in all of the gtreams in the passage. Additional programmatic actions
zone. Improving passage at Daguerre Dam on the proposed for the Sacramento-San Joaquin Delta
Yuba River will reduce stress and mortality of and Suisun Marsh/North San Francisco Bay
adult salmon delayed from reaching upstream Ecological Zones, particularly those that would
spawning grounds or forced to spawn in the lower reduce losses to unscreened or poorly screened
Yuba below the diversion dam. Further habitat diversions, will contribute to Feather River/SuRer
improvements and stressor reduction in the Bay Basin Ecological Zone steelhead restoration.
and Delta will also increase the numbers of
juvenile salmon that Successfully reach the ocean RATIONal.g: The combined actions proposed for
and return to zone streams, the Feather and Yuba Rivers should increase

steelhead production and run size in these rivers.
The combined actions will lead to a substantial lmproved spring flow events in dry and normal
improvement in wild stocks of spring-run and of years will help transportyoung steelhead
fall-run chinook salmon in the Feather and Yuba downstream to the Bay-Delta ~ and ocean and
Rivers and fall-run chinook populations in Bear provide attraction flows to adult steelhead

I ~ Ctd2~
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migrating upstream into the Feather and Yuba Marsh/North San Francisco Bay Ecological
Rivers. Lower water temperatures will reduce Zones, particularly those that would reduce losses
stress and mortality of juvenile steelhead that to unscreened or poorly screened diversions and
oversummer below these dams on the Yuba and improve estuary habitat, will contribute to the
Feather Rivers. Increases in gravel recruitment restoration of the striped bass population that
below these dams willprovide needed spawning annually migrates into the lower Feather River
habitat. Improvements and restoration of and of the sport fishery.
riparian, shaded riverine aquatic, stream
meander corridor, and floodplain wetland J~ATIONALE: The combined actions proposed for
habitats will help to increase steelhead survival the Feather and Yuba Rivers should contribute to
by providing needed habitat and food supply, increased striped bass production. Improved
Installing state-of-the-art screens on unscreened spring flows in dry and normal years will
and poorly screened diversions will increase contribute to successful spawning and egg
young steelhead production. Reducing harvest on and larva transport.
wild steelhead, at least in the short term, will help
protectand restore wild populations in each river. AMERICAN SHAD
lmproving passage at Daguerre Dam on the Yuba
River will reduce stress and mortality of adult IMPLEMENTATION OBJECTIVE: The implemer~-
steelhead delayed from reaching upstream ration objective for American shad for the Feather
spawning grounds or forced to spawn in the lower River/Sutter Basin Ecological Zone is to
Yuba below the diversion dam. Further contribute to naturally spawning populations that
improvements in habitat and stressor reduction in support sport fisheries similar to those observed in
the Bay and Delta will also increase the numbers the 1960s and 1970s to contribute to Bay-Delta
of juvenile steelhead that successfully reach the recreational use.
ocean and return to zone streams. The combined
actions will lead to a substantial improvement in TARGET: Contribute to maintaining a 25-year
wild steelhead stocks in the Feather and Yuba average abundance index equal to the 1967
Rivers. through 1991 fall midwater trawl index (,).

STRIPED BASS PROGRAMMATIC ACTION: American shad will
benefit from the programmatic actions proposed

IMPLEMENTATION OBJECTIVE: The implemen- for the Feather River/Sutter Basin Ecological
tation objective for striped bass for the FeatherZone. Other programmatic actions that will
River/Sutter Basin Ecological Zone is to restorebenefit American shad are proposed for the
its population levels to those of the 1960s toSacramento-San Joaquin Delta, Sacramento
contribute to a Bay-Delta recreational fishery. River, Feather River\Sutter Basin, and Suisun

Marsh/North San Francisco Bay Ecological
TARGET: Contribute to maintaining a populationZones.
of 3.0 million adult fish (,).

RATIONALE: Although American ~had are an
PROGRAMMATIC ACTIONS: The Central Valley introduced species, it supports highly seasonal
striped bass population will directly benefit fromand popular sport fisheries during the shad
actions in this zone to improve streamflow,spawning migration, lmproved streamflows and
improve riparian and floodplain habitats, reducewater temperatures in the lower Feather River
losses at unscreened or poorly screenedwill contributetolargerspawningpopulationsin
diversions, and reduce harvest. Additionalthe Feather and Yuba Rivers. American shad
programmatic actions proposed for thespawning is strongly influenced by water
Sacramento-SanJoaquin Delta and Suisun temperatures. Adult migration into the lower

I
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Yuba River is reported to be most affected by REFERENCES USED TO
mean May-June flow rates in the river as they
relate to floiv in the Feather River measured at DEVELOP TARGETS AND
Yuba City (Painter et al. 1979). Studies conducted ACTIONS IN THE FEATHER
by Painter and co-workers (1977;1979) from
1975 through 1978 showed that as thepercentage RIVER/SUTTER BASIN
of Yuba River flow contribution to the Feather ECOLOGICAL ZONE
River (calculated at Yuba City) increased, so too
did the relative proportion of virgin shad (first Beak (Beak Consultants Incorporated) 1996.
time spawnePs) entering the Yuba River. Anadromous fish enhancement actions

recommended for the lower Yuba River.
.Data collected on American shad in.the lower Prepared by Beak Consultants Inc. In
Yuba River by Jones and Stokes Associated (1990) association with Bookman-Edmonston
provide additional insight into the influence of Engineering, Inc. Prepared for the Yuba
flow on shad immigration. Again, this short study County Water Agency, Marysville,
observed that as flows in the Feather River were California. Draft report dated July 1996.
decreased and flows in the Yuba River incr¢ased,
adult shad abundance increased in the Yuba Brown. R. and S. Green. 1997. An evaluation of

the Feather River Hatchery as mitigation forRiver.

construction of the California State Water
WATERFOWL Project’s Oroville Dam. California

IMPLEMENTATION OBJECTI~’E: Maintain’ and
Department of Water Resources.

restore the distribution and abundance of California DepartrnentofFishandGame. 1993.
waterfowl to contribute to species richness and. Restoring Central Valley streams: a plan for
diversity and reduce conflict between the need for action. November.
their protection and other beneficial uses of water
in theBay-Delta. Central Valley Habitat Joint Venture. 1990.

Central Valley Habitat Joint Venture
TARGET: Improve populations and distribution of Implementation Plan, a component of the
waterfowl (,,). North American Waterfowl Management

Plan. February 1990.
PROGRAMMATIC ACTIONS: Waterfowl will
indirectly benefit from restoration of marshes, Jones and Stokes Associates 1990. 1009 field
seasonal wetlands, and riparian habitats investigations of Yuba River American shad
throughout the Feather River/Sutter Basin (JSA 90-098). Prepared by W.T. Mitchell and
Ecological Zone. (Refer to targets and P.L. Dunn. Sacramento, California. Prepared
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AMERICAN ]RIVER BASIN ECOLOGICAL ZONE

.
within the Delta’s watershed. The other streams
of the basin are minor but potentially important
contributors. Water, sediment, and nutrients from
the American River and the other watersheds are
important factors governing the ecological health
of San Francisco Bay (the Bay) and Delta,
including many estuarine fish species and their
foodwebs. The American Basin was once an
important wintering area of waterfowl the use the
Central Valley portion of the Pacific flyway.

The American River is also an essential watershed
for the spawning, rearing, and migrating fall-run
chinook salmon, steelhead, striped bass, and
American shad, which must pass through the Bay
and Delta during portions of their life cycle.

INTRODUCTION Although their period of residence in some cases
(e.g., steelhead) in the Bay and Delta may be
brief, it constitutes an important part of the life

The American River Basin Ecological Zone iscycles of these fish species. Hence, the population
located east of the Sacramento River and liesstatus of these anadromous fish species is
between the Bear River to the north and theinfluenced by human activities that affect both
Cosumnes River to the south (Figure 14): Thetheir freshwater riverine and Bay-Delta estuarine
total watershed encompasses about 2,000 sq. mi.habitats.
(California State Lands Commission 1993). The
zone consists of several watersheds adjacent toThe two ecological factors with the greatest
and including the American River. Theseinfluence on anadromous fishes of the lower
watersheds includes smaller creeks that drain intoAmerican River are seasonal stream flow and
the Natomas Cross Canal (NCC), the Natomas watertemperature.Inadditionspawninggravel,
East Main Drainage Canal (NEMDC), Morrison stream-channel dynamics, shaded riverine aquatic
Creek, and the lower American River below (SRA) and riparian habitats also are important

factors. Stressors such as dams, legal and illegalFolsomand NimbusDams. The NCC and

NEMDC form the watersheds of the American harvest, water quality (e.g., water temperature and
Basin including the Natomas Basin, located easttoxins from urban runoff), and artificial
of the Sacramento River between the Bear River of anadromous fish further affect thepropagation
and American River watersheds. Morrison Creek "population dynamics of anadromous fish in
is a small watershed located just south ofwatersheds ofthezone.
Sacramento and the American River that drains
into the north-eastern portion of the Delta in the
Stone Lakes area. DESCRIPTION OF TIlE ZONE

The health of the Sacramento-San J0aquin RiverThe American Basin Ecological Zone (Figure 14)
Delta (Delta) depends .on the condition of theis located in the east-centra! portion of Central
streams that make up its watershed. TheValley. Its eastern boundary~ is the Sierra
American River is one of the largest tributariesfoothills. The western boundary is the

Volume II: Ecosystem Restoration Program Plan
American River Basin Ecological Zone

Draft: March 1998
281

C--006903
(3-006903



I
Sacramento River and Once large wetland areas, the American Basin

AmericanRiver easln Delta.    The. northern floodplain is now principally rice fields in the
Ecologicel boundary is the Feather north and central areas, with the metropolitan area ¯

River Ecological Zone. of the City of Sacramento in the south. The

~ The southernboundaryis Sacramento River levee marks the westem
the Cosumnes River boundary of the unit (Figure 14). The northern i

~ Ecological Zone. This boundary is the Bear River watershed. The
~-,-~.-~, ecological zone has two southern boundary is the American River

.̄., ~ ecological units: watershed. The eastern boundary is the upper
~ watersheds of the Bear and American Rivers.

¯ American Basin, and Above the floodplain the creeks pass through the
¯ Lower American River rolling hills of Placer County, and the cities of

Lincoln,Roseville,and Roeklin. This central ¯
DESCRIPTIONS OF ECOLOGICAL portion of the creek watersheds is a mixture of

UNITS
agricultural lands, grasslands, and oak woodlands.
The upper eastern portion of the unit consists of
the upper watersheds of Coon Creek, Auburn

AMERICAN BASIN ECOLOGICAL UNIT Ravine, and Dry Creek that extend upslope into
Sierra foothills near the City of Auburn. Here

1The American Basin Ecological Unit includes thelands are a mixture of oak-pine woodlands and
watersheds between the American and Featherorchards, intermixed with other agricultural and
River systems on the east side of the Sacramentomunicipal developments.
Valley (Figure 14). The streams included from
North to South are Coon Creek, Markham Ravine, The unit has a Mediterranean climate with wet
Auburn Ravine, Pleasant Grove Creek, Curry~winters and dry summers. With only a maximum
Creek, Dry Creek, and Arcade Creek. These elevation of about 1,500 ft, little or no snow melt |creeks enter the floodplain drainage systems ofenters the upper watershed of the unit. The
the Natomas Cross Canal (NCC) and the Natomas eastern foothill portion of the unit receives more
EastMainDrainageCanal(NEMDC)in southern rainfall (about 40 inches) than the valley portion 1Sutter and northern Sacramento counties. The(about 20 inches). Of the streams, Coon, Doty,
NCC drains into the Sacramento River just southAuburn Ravine, Dry Creek, Linda Creek, Miners
of the Feather River, while the NEMDC drains Ravine, Secret Ravine, and Antelope Creek have 1into the Sacramento River just to the north of thesufficient summer flow from diversions from
American River. The NEMDC watershed is other basins, ground water, storm drains,
comprised of the Dry Creek and Arcade Creek irrigation returns, or sewage treatment effluent to
watersheds. Dry Creek’s headwater watershedsbe considered ~perennial. Water is also diverted
inelude LindaCreek, CirbyCreek, Miners Ravine, from the upper Bear and American River
and Antelope Creek, which come together andwatersheds into the Coon Creek, Auburn Ravine, ¯
form Dry Creek near the City of Roseville in and Dry Creek watersheds for irrigating lands in
southern Placer County. Dry Creek then flowsthe American Basin.
southwest through Sacramento County to the
NEMDC in the City of Sacramento. The NCC Stream flows have been modified by water |
watershed includes Coon Creek with its maindiversions, subsidence in ground water tables, and
tributary DotyCreek, Markham Ravine, Auburn watershed activities such as grazing, road ¯
Ravine with its main tributary Dutch Ravine,building, wetland management, forest
Pleas.ant Grove Creek, and Curry Creek. management, and agriculture. In wetter periods

all the streams are essential in carrying stormflow. ¯
Drains and ditches in the lower floodplain convey

~ ~
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floodwaters to the NCC, NEMDC, and RD 1000 Lands west of Pleasant Grove Creek Canal and
pumping plants on the Sacramento River. the NEMDC to the Sacramento River are in the

~ Natomas Basin. These lands and those west of the
In drier periods, creeks of the unit are used toEast Side Canal were once floodplain, marshes
carry drain water, convey irrigation water, or areconnected to the Sacramento River, and are now
intermittent. During the spring through fallprotected from flooding by levees and a series of
irrigation season, much of the water in thesedrainage canals operated by Reclamation District
streams is diverted along their paths to irrigation.1000 that drain rainwater, floodwaters, and
In the lower floodplain, water is pumped into the irrigation return water back to the Sacramento
basin from the Sacramento River and dispersedRiver via a system of drainage ditches and
through .the system of irrigation canals maintainedpumping stations. In the southern portion of
by the Natomas Central Mutual Water Co. Natomas Basin there are extensive developments
(NCMWC) for irrigation, including the Sacramento Metropolitan Airport,

Arco Arena, Interstate Highways 5 and 80, and
In all but wetter years, winter-spring rainwater isthe .City of Sacramento. Of the approximately
conveyed from the natural floodplain of the50,000 acres in Natomas Basin, approximately
American Basin to the Sacramento River via the40,000 are croplands (mostly rice), 5,000 are
NCC, NEMDC, and drainage ditches. In wettest urban, 1,500 are roads, 1,500 are vacant, and

large portions of the floodplain are subject 3,000 are wetlands or water.years open
to flooding from overtopping levees or simply
filling with rainwater..Floodwaters are eventuallyEast of the Natomas Basin and East Side Canal
drained and pumped to the Sacramento River. the floodplain extends up the watersheds of the

creeks. Rice field dominate the low lands, while
The American Basin Ecological Unit has twograsslands and oak woodlands with mixed
distinct geomorphological areas: the hilly eastagriculture and pasture lands occur between the
side in the Sierra Foothills and the valleycreek bottoms. Elevation rises gradually from
floodplain on the western side adjacent to thewest to east from 30 feet to about 100 feet
Sacramento River. The western portion of theele’~ation.    Lincoln, Roseville, and other
unit in the Sacramento Valley floodplain is bestSacramento suburbs are located in this portion of
described as an agricultural belt with somethe unit.
managed wetlands. Most of the land is in rice
production and is 20 to 30 feet of elevation orFurther to the east begins the foothills to the east
less. of Lincoln, Roseville and Sacramento. Here the

watersheds of Coon Creek, Auburn Ravine, and
The NCC’s northern extension,East Dry Creek tributaries rise quickly .to elevationsthe
Canal, and its southern extension, the Pleasantnear 1,000 feet near the City of Auburn in Placer
Grove Creek Canal capture the flows of theCounty. The creeks flow through forested ravines.
creek’s of the NCC watershed and them to The hills are a mixture of orchards, woodlands,convey
the NCC and west to the Sacramento River. The grasslands, pastures, and other agricultural and
NCC has a capacity of 22,000 cfs, which in high municipal developments. In some locations the
water years is insufficient to carry flood flows,creeks are dammed creating small ponds and
thus water tends to back up into the lower creekwetlands. Some areas have quality riparian
drainages despite channel capacities ~ totalingforests, while others are degraded from livestock
36,000 cfs. The NEMDC captures the flows of grazing or other land use activities.
Dry and Arcade Creeks and conveys them to the
Sacramento River just upstream from the mouthImportant habitats in the unit are wetlands,
of the American.River. riParian forests, and grasslands. Marshes, once

the most widespread habitat in the American

~ ~ .
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Basin floodplain, are now restricted to remnantmany species of fish and wildlife. There is little
patches. There have been extensive reclamationriparian habitat in the western, floodplain portion
of emergent wetland habitat to agriculturalof the unit. Riparian habitat is more prevalent
development. Most of the remaining wetlandsalong the creeks from the valley floor to the basin
lack adjacent upland transitionhabitat and otherheadwaters, but suffers in places from effects of
attributes of fully functioning wetlands. Seasonallivestock grazing and watering, as well as urban
wetlands include portion of the floodplain thatdevelopment.
flood in winter and spring, especially in high
rainfall years: Most of this habitat is located inUpland habitats are found on the eastern
the Valley flobr adjacent to the Sacramento River.floodplain and foothills and consist primarily of
Seasonal wetlands once covered large areas of thegrasslands and oak woodland and oak savanna. Of
Basin during the winter rainy season or afterthese perennial grasslands are an important
seasonal flooding. With reclamation, floodingtransition habitat for many wildlife species and
occurs primarily from accumulation of rainwaterare buffers to protect wetland and riparian
behind levees, from inflow to the basin of floodhabitats. Much grassland habitat associated with
waters carried by the foothill creeks, or from wetland and riparian habitat has been lost to
water diverted to leveed lands (e.g. rice lands andagriculture (i.e. pasture, grain, vineyards, and
managed wetlands). Seasonal wetlands areorchards) and development (i.e., airports, sports
important habitat to many species of fish,complexes, industrial parks, home construction,
waterfowl, shorebirds, and wildlife. Vernal pool golf courses). Grasslands are important buffers of
habitat is common in the central and easternwetland and riparian habitat and provide habitat
portion of the floodplain, for many plant .and animal species.

Riparian habitat, both forest and shrub, is foundAgricultural habitats are also important habitat as
on the water and land side of levees and alongthey support populations of small animals, such as
creekchannels of the unit. This habitat ranges inrodents, reptiles, and amphibians, and provide
value from disturbed(i.e., sparse, low value) toopportunities for foraging shorebirds, waterfowl,
relatively undisturbed (i.e., dense, diverse, highand raptors. Nonflooded fields and pastures are

"value). The highest value riparian habitat has aalso habitat for pheasants, quail, and doves.
dense and diverse canopy structure with abundantPreferred habitat of raptors consists of tall trees
leaf and invertebrate biomass. The canopy andfor nesting and perching in proximity to open
large woody debris in adjacent aquatic habitatagricultural fields, which support small rodents
provide shaded riverine aquatic habitat on whichand insects for prey. Both pasture land and alfalfa
many important fish and wildlife depend onfields supportabundantrodentpopulations. Rice
during some portion of the life cycles. The lowerlands provide invertebrates and amphibians for
value riparian habitat is frequently mowed,shorebirds, waterfowl, and snakes.
disced, or sprayed with herbicides, disturbed by
livestock grazing and watering, resulting in aImportant biological resources in this ecological
sparse, habitat structure with low diversity,unit include the giant garter snake, Swains0n’s
Riparian habitat is used by more wildlife than any.hawk, fall-run chinook salmon, steelhead,
other habitat type. From about 1850 to the turn ofwaterfowl, as well as many other native plants and
the century most of the riparian" forests in thewildlife found within the diversity of habitat
Central Valley were decimated for fuelwood as atypes. Though creeks of the basin have contained
result of the gold rush, i’iver navigation, andsalmon and steelhead in small numbers, thecreeks
agricultural clearing. Remnant patches are foundare primarily warm water habitats that. sustain
on levees, along stream channels, and along thelargemouth and smallmouth bass, catfish, sunfish,
margins of marshes. Riparian habitats an,d theirsuckers, and minnows including squawfish and
adjacent Shaded riverine aquatic habitat benefitcarp.
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The giant garter snake (GGS) is a State andYoung minbow trout/steelhead have been found in
federally listed threatened species whose habitat’ Coon Creek, Auburn Ravine, tributaries of Dry
is marsh lands with adjacent uplands used forCreek, particularly Secret Ravine and Miners
shelter from flooding and winter hibernation.Ravine. Adult steelhead have been observed in
There have been numerous observations of theAuburn Ravine. Steelhead/rainbow trout require
GGS in this unit. They appear to do well in thecool waters and sufficient flow through the
systems of drainage and irrigation canals and ricesummer and fall to sustain their populations in
fields, and other seasonal wetlands, these creeks. Such habitat still exists in the upper

watersheds of these creeks. Inter-basin diversions
Swainson’s hawks are a State listed threatenedinto these creeks from the Bear and American
species found primarily along the riparian corridorRiver watersheds probably helps sustain steelhead
of the Sacramento River on the west side of thisin these creeks.
unit. At one time they were likely found in the
riparian corridors of the floodplains of the creeksNative fishes resident in the creeks of the unit
of this unit. They .forage widely over the unit ininclude Sacramento squawfish, Sacramento
grasslands and agricultural areas, sucker,~ hitch, California roach,, and hardhead.

These fish are adapted to higher winter-spring and
Wild juvenile fall-run chinook salmon have beenlow summer fall flows and warmer summer-fall
found in small numbers in Coon Creek, Dorywater temperatures of the creeks.
Creek, Auburn Ravine, and the upper creek
watersheds of Dry Creek, including SecretSplittail migrate from the Bay-Delta into the
Ravine, Antelope Creek, and Miners Ravine.lower rivers to spawn in late winter and early
Juvenile salmon raised in the Feather andspring. They seek .flooded lands to spawn
American River hatcheries have been stockedincluding those of the Yolo and Sutter Bypasses.
since 1983 in several streams including CoonIn wet years they likely migrate upstream into the
Creek, Auburn Ravine~ and tributaries of Drylower NCC and NEMDC and spawn in flooded
Creek. With Bear and American water present inportions of creeks of this unit.
many of these creeks, salmon from these rivers
may stray into the creeks of the American Basin. LOWER AMERICAN RIVER ECOLOGICAL
Both Coon Creek and Auburn Ravine have been UNIT
stocked with fingerling fall-run chinook salmon
during the 1990s. Dry Creek, Auburn Ravine,The American River is a major tributary to the
Doty Ravine, Secret Ravine, and Coon CreekSacramento River, with their confluence located

at the City of Sacramento.It providesreceivedplantsof Feather River spring-run
chinook salmon in the mid 1980’s. Adult salmonapproximately 15% of the total Sacramento River
carcasses have been observed in Antelope Creek,flow. The American River ranges in elevation
Miners Ravine, and Secret Ravine in the late fall.from 23 feet to more than 10,000 feet (Figure 14),
In 1963 and 1964 DFG surveys indicated300-800 and drains a watershed of approximately 1,900
wild fall-run chinook salmon spawnedsquare miles.. Average annual precipitation in the
successfully in Secret Ravine, where spawningwatershed ranges from 23 inches on the valley
gravels were once adequate for over 1,000floor to 58 inches at the headwaters.
salmon. DFG surveys indicate that Doty RavineApproximately 40% of American River flow
has sufficient spawning habitat for 400 salmonresults from snowmelt. The American River has
redds. Salmon are limited by low flows and highthree major branches: the South, Middle, and
water temperatures in the fall duringthe upstreamNorth Forks, all of which drain into Folsom
migration of adults and in the spring during the
downstream migration of juveniles.
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Reservoir. Average historical unimpaired runoffAnnual rainfall in the watershed is also highly
at Folsom Dam is 2.8 million acre-feet (af). variable. In the wettest years, unimpaired flows

average 20,000-34,000 cubic feet per second (cfs)
The American River meanders through a 4,800-in winter months. In the driest years, unimpaired
acre floodplain that is bordered, for the most part,flows in winter months average only 200-800 cfs.
by low bluffs in its upper course and levees alongUnimpaired spring flows, particularly in March
its lower course. Most of the floodplain between through May, are generally more dependable,
the levees and opposite the bluffs has beenranging from 1,300-1,500 cfs in driest years,
acquired by either the City or County of3,500-4,500 cfs in dry years, and 5,000-6,500 cfs
Sacramento and is managed cooperatively as thein normal years. Unimpaired flows during
American River Parkway. The lower American summei, and early fall are 0 cfs in the driest years,
River, below Nimbus Dam, is also listed as a Stateincreasing to 1,000-6,000 cfs in the wettest years:
and federal Wild and Scenic River and designatedIn median rainfall years, unimpaired summer and
as "recreational". early fall flows are generally 100-500 cfs.

Development on the American River began in the
early days of the Gold Rush when numerous small Historic Monthly Ave rag e Flow

dams and canals were constructed. Today, the
drainage has three major and 10 smaller reservoirs
with a total storage capacity of 1.9 million af.
Folsom Lake, thee largest reservoir in the drainage, 0
was constructed in 1956 and has astorage
capacity of 974,000 af. Proposed additional water
project developments in the basin are the 2.3-

It.
million-afAubum Dam and the 225,000-af South
Fork American River project. Folsom Dam,
located approximately 30 miles upstream from the
mouth of the American River, is a major element J F U A ~M J J A S 0 N D
of the federal Central Valley Project (CVP),

[] Normal Year [~ Dl~Yearoperated by the U.S. Bureau of Reclamation
(Reclamation) as an integrated system to meetHistoric Monthly Average Flow on the American River below

contractual water demands and instream flow andNimbus Dam, 1962-1992 (Dry Year Is the 20th Percentile-Year;
Normal Year Is the 50th Percentile or Median Year)

water quality requirements.
Because the watershed contains 13 reservoirs, the

The American River has a natural pattern ofnatural flow pattern of the lower American River
moderate flows in winter, high flows in spring,has been altered extensively. Spring flows have
very low flows in summer, and low flows in fall.been greatly reduced, summer and fall flows have
This pattern is atypical of northern Sacramentoincreased substantially, and winter flows are
Valley streams, which are fed by springs from therelatively unchanged. Annual variability has been
Cascade Range, and more similar to San Joaquinreduced by the release of water from Folsom
River tributaries. Flows in the Sacramento RiverReservoir in drier years. Peak average monthly
and tributaries usually peak in March, whereasflows in high rainfall years remain unchanged
flows on American and San Joaquin Riverfrom unimpaired flows. Summer and early fall
tributaries peak progressively later in spring fromflows in the driest years average 300-900 cfs,
north to south. Natural (unimpaired) flows on thewhereas unimpaired flows average 0 cfs. Dry-
American River in dry and normal rainfall yearsand normal-year flows in summer and early fall
generally peak from March to May. months consistently average 1,200-3,200 cfs,

whereas unimpaired flows average less than 500
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I cfs. Fall and winter flows have increased slightlyredds and strand juveniles, and high water
in dry and normal years. Spring flows (Marchtemperatures during crucial periods of salmon and

I through May) have decreased from an unimpairedsteelhead development.
level of 3,500-4,500 cfs to 1,200-1,500 cfs in dry
years. In normal rainfall years, spring flows are

I 2,800-4,200 cfs, compared to unimpaired flows of
19o,o0o [

5,500-6,800cfs.Asimilardeclinein springflows 180,000
has occurred in wet years.

Unimpaired Monthly Average Flow
40,000

I                    7000 - 20,000

6000 -

I 6000- 0195519r0 1575 1980i985 1990 1995
~4000

o~ 3000 - American River Fall-Run Chinook Salmon Abundance,
-- 1970-1995I ~ 2000 -

looo- Historically, over 125 miles of riverine habitat
o ~ were available for anadromous fish in the

I J F M A M J J A S O N D American River system. Since the 1890s a dam,
which included a semi-functional fish ladder

[] Normal Year [] Dry Year which passed relatively low numbers of spring-

I Unimpaired Monthly Average Flow on the American River below run chinook salmon and steelhead, was located at
Nimbus Dam, 1962-1992 (Dry Year Is the 20th Percentile Year; Folsom. A relatively large run of fall-run chinookNormal Year Is the 50th Percentile or Median Year)

salmon became established in the reach of the

I Important aquatic resources that depend on theriver below the old Folsom.Dam (Clark 1929).
Lower American River and its riparian habitatsCounts of steelhead passing through the fishway
include naturally spawning fall-run chinookon the old Folsom Dam from 1943 to 1947

i salmon, steelhead, American shad, other nativeindicate that the majority of the steelhead were
fish assemblages, amphibian populations, andspring-run which ranged in number from 200 in
lower trophie organisms. Important aquatic1944to 1,252 in 1948 (USFWS and CDFG 1953).
habitats include holding, spawning, rearing, andThese fish passed through the fishway from MayI habitats for all fish species; sufficient through July en route to theirmigration upstreamspawning
quantities of high-quality water at the appropriateand rearing areas. In 1950, flood waters destroyed
temperature; and riparian and SRA habitats, the ladder, eliminating upstream spawning and

I rearing areas and in 1955 Nimbus Dam was
The American River historically supportedclosed and became the upstream terminous of
steelhead trout and chinook salmon that spawnedanadromous fish migration. The native spring-run

I principally, in the upper watershed above thesteelhead was probably eliminated at this time.
valley floor. Each population probably exceeded
100,000 fish. Salmon and steelhead runs haveDecision 893 (D-893), issued by the California

I declined significantly in the lower AmericanState Water Resources Control Board (SWRCB),
River because of the combined effects of damsestablished the minimum allowable riverflow in
blocking traditional spawning and rearing areag,the lower American River as 500 efs from

I altered seasonal flow regimes resulting from damSeptember 15 through December 31 and 250 cfs
operations, severe flow fluctuations that dewaterfrom January 1 through September 14. This flow
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regime is inadequate to maintain anadromous fishThe California Department of Fish and Game
in the present spawning and rearing areas of the,(DFG) recently completed the Lower American
lower American River below Nimbus Dam. River Steelhead Management Plan, which
Except for drought years such as 1976-77 andidentifies poor habitat conditions in the lower
water-years 1989-1992, flows have seldom American River as a problem for steelhead. Cold
dropped to these minimum levels, water temperatures cannot be maintained year

round in the lower American River because of the
Since Folsom Dam and Reservoir werelimited amount of cold water present in Folsom
co~structed, Reclamation has made releases thatReservoir that isavailable for releases to the river.
are legally constrained by the outdated fish flowIn addition, the practice of clearing trees and other
requirements ofD-893, which allows flows in the objects from the river to eliminate hazards to
river during dry years to be as low as 250 cfs. recreationists reduces instream cover for juvenile
Nevertheless, Reclamation voluntarily releasessteelhead rearing in the river.
amounts sufficient to meet D-1400 (discussed
below) when water is available. In recent years,Among the most significant factors affecting the
Reclamation has made an attempt to voluntarilyAmerican River ecosystem are altered natural
implement the flow objectives established by therunoff patterns, impaired channel maintenance
Anadromous Fish Restoration Program (AFRP). processes, and loss of connectivity between

upstream spawning and rearing habitats and the
SWRCB Decision 1485 iD-1485) established lower river following construction of Folsom and
water quality standards for the Delta that requireNimbus Dams. These changes have resulted in
additional releases from upstream storagethe following:
facilities, including Folsom Reservoir.
Reclamation has relied on releases from Folsom̄ exclusion of salmon and steelhead from many
Reservoir to help meet the standards imposed by of their historic upstream spawning and
D-1485 because of its location near the Delta and rearing areas,
the high probability of refill in the winter. This
change in operation has reduced the carryover̄ altered seasonal river flow and water
storage in Folsom Reservoir, which has resulted temperature,
in less cold water being retained through summer
and fall in the reservoir. This, in turn, has often̄ significant reduction in high-quality spawning
resulted in high summer and fall water and rearinghabitats,
temperatures (above 70°F) in the lower American
River. ¯ armoring of existing instream gravel

resources,

In 1993, the Sacramento Area Flood Control
Agency (SAFCA) prepared and distribtited ¯ elimination of natural stream meanders, and
environmental documentation associated with
operating to a new flood control diagram, known ¯ loss of islands and riparian vegetation.
as the 400-670 Variable Flood Control Diagram.
As part of the SAFCA work to provide a net Because of these changes, the lower American
beneficial effect to the salmonid resources of theRiver is managed to provide or emulate, as much
American River, water temperature modeling andas possible, the conditions that formerly existed
hydrologic modeling were conducted to evaluateupstream of Folsom Dam.
the beneficial effect of the shutter reconfiguration
at Folsom Dam. Other important habitats havebeen severely

disrupted by water storage and diversions, as well
as levee construction and maintenance, Rapid
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flow fluctuations strand salmon and steelheadAnother factor limiting production of naturally
eggs and juveniles on higher terraces and in side, spawning salmon and steelhead is the presence of
channels. The present condition of migration,large numbers of native and non-native predators
spawning, and nursery habitat for American Riverand competitors. The highly modified flow
salmon and steelhead limits and impairsregime and altered instream habitat have provided
recruitment and survival of juvenile fish. Boatingpotential advantages to striped bass, Sacramento
and rafting safety programs remove woody debrissquawfish, suckers, smallmouth and largemouth
and overhanging SRA habitat from the river,bass, resident trout, and American shad. Sport
thereby reducing the quality of important rearingand commercial harvest also remove chinook
habitats salmon and steelhead adults from the natural

spawning population.
Rearing habitat quality for young salmon and
steelhead also has been reduced by low flows and VISION FOR TIlE ECOLOGICAL
associated high water temperatures, especially in
drought years. Folsom Dam has a limited ZONE

for selective withdrawal of cold watercapacity
from deeper portions of the reservoir to controlThe vision for the American River Basin
downstream water temperatures. At NimbusEcological Zone includes restoring important
Dam, turbine intakes draw in the heated surfacefishery, wildlife, and plant communities by
waters of Lake Natoma rather than the cooler, restoring ecological processes, habitats- and
deeper flows from Folsom Dam. When turbinesreducing the adverse affects of stressors. The
are not operating at Nimbus Dam, heated surfacevision for this ecological zone focuses on
water from Lake Natoma is released overrestoring an ecologieally based streamflowplan,
spillways to the river below the dam. improving the supply and accessibility of

sediments, maintaining the existing stream
Some of the gravel beds in the river belowmeander configurations, maintaining water
Nimbus Dam have either been washedtemperatures in the lower.-American River to
downstream or become armored and, therefore,support anadromous fish, and supporting the
are no longer moved by seasonal peak flows,development of locally sponsored watershed
Floods wash gravel downstream or onto highplanning. The vision also encourages restoring a
terraces along the fiver, where it is of little value,variety of aquatic, riparian, and terrestrial habitats
Many natural channels still retain the scars of fish, wildlife, plantSide for and communities.
extensive dredger mining from nearly a century
ago; others have been eliminated and no longer VISIONS FOR ECOLOGICAL UNITS
provide or rearing habitat for juvenilenursery
salmon and steelhead. In some eases the river is AMERICAN BASIN ECOLOGICAL UNIT
connected to former dredger ponds (e.g., near .
Arden Pond and at the Sailor Bar pond), that mayThevisionfor the AmericanBasinEcological
increase already high river water temperaturesUnit includes improved water quantity and quality
locally, and can provide refuges for predatory,from the basin to sustain aquatic, wetland,
non-native warm water fishes such as smallmouthriparian, and habitats that naturalupland support
and largemouth bass. Reduced river flows, rip-production of an abundance of resident fish and
rap bank protection, and levees contribute to thewildlife, as well as waterfowl and other migrant
decline or impairment of .natural sedimentbirds that use the Pacific Flyway each winter. The
transport arid channel maintenance processes,vision includes improving, restoring, and
which have combined to substantially .reduceenlarging areas of remaining native habitats and
natural gravel recruitment and transport in theestablishing connectivity of those areas. Native
river.
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habitats include riparian, emergent wetlands,Reforestation of cottonwood and other riparian
’season wetlands, and grasslands. ~ forest species has.not been possible because cattle

range through the creek bottoms and land owners 1
The vision focuses on improving watershed,divert water for irrigation.
stream channel, and floodplain processes that
would lead to increased seasonal flows of qualityThe narrow strips of grasslands and riparian
water in the creeks, and area wetlands, andvegetation along levees, irrigation canals, and
reducing the input of agricultural waste runoff anddrainage ditches would be protected and restored
associated contaminants into unit watersheds andwhere possible. More environmentally sound
wetlands, and the Sacramento River.means of applications of pesticides and herbicides
Improvements in the quality and quantity of waterwill be sought throughout the unit. Vegetation
supplies provided to publicly and privatelycontrol practices would be modified to support the
managed wetlands will reduce stresses onreeovery ofnativeplantssuchasperennialgrasses
waterfowl populations. Additional water quality and wetland species. The health of the upper
improvements can be achieved by tertiary watercreek watersheds will be enhanced by reducing ¯
treatment plants to improve effluent discharges,the potential for wildfires in riparian and forest !
Improvements in water quality and quantity towoodlands through forest fuels management and
unit creeks and the Sacramento River will directlyimproved fire suppression.
benefit fish and wildlife of the Sacramento River ¯
and the Bay-Delta. Limited wetland areas located in the eastern

portions of the unit adjacent to the Sacramento
Floodplain habitat improvement would be theRiver should be protected and expanded. Stream
focus of efforts in the western portion of the unit.flow into the wetland-slough complexes should be
Riparian and stream channel improvements wouldimproved. Water quality should also be
be the focus of efforts in the middle and upperimproved. Natural floodplain processes should be
watersheds. Seasonal wetlands for migratoryenhanced through set-back levees, stream
species such as waterfowl and shore birds wouldmeanders, and seasonal flood overflow basins,
be expanded and improved. Present restorationwhich in turn should reduce peak flood flows to 1
efforts can be expanded by ensuring adequatethe Sacramento River and water levels in flood-
supplies of high quality water to the seasonalprone portions of the unit.
wetlands. Water supplies can be improved by
reducing or eliminating diversions in streams andLOWER AMERICAN RIVER ECOLOGICAL 1
sloughs that flow into wetlands. Restoring natural UNIT
watershed, stream, and floodplain processes ¯
along creek watersheds will promote naturalThe vision for the Lower American River
habitat restoration. Emphasis should also beEcological Unit focuses on restoring important
placed on connecting habitats and providingfishery, wildlife, and plant communities to a
habitat corridors necessary for species such as thecondition in which the status of specific resources Igiant garter shake, Swainson’s hawk, waterfowl,is no longer considered to be of concern within
and neotropical birds., the unit. Restoration within the American River

will, in turn,, contribute to restoring aquatic
Throughout much of the central and upperresources of the Bay-Delta. This vision willbe
(eastern) portion of the unit creek restorationaccomplished by restoring or reinitiating
would provide higher quality water and improvedimportant ecological processes and functions that ¯
habitats for salmon and steelhead. Exclusion ofcreate and maintain important habitats for fish,
cattle along the streams and creeks, limitation ofwildlife, and plant communities along the lower
gravel mining, and reduction of diversions wouldAmerican River. Numerous and diverse actions
improve stream channels and riparian corridors.
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may be implemented taken on a broad scale toLower American River Technical Team as being
restore and maintain sustainable, naturallyof greatest importance in restoring anadromous
spawning stocks of chinook salmon and steelhead~ fish populations in this river.
in the American River, includ!ng improving
seasonal flow and temperature regimes, in-For the American River, improving spring (i.e.,
channel and riparian habitats, fishery regulations,March through May) flows would help steelhead
and hatchery operations, and American shad move upstream into the

American River during their traditional spring
Restoration efforts will emphasize benefits tomigrations. Such flows during these months
naturally spawning chinook salmon and steelheadcould also benefit older juvenile fall-run chinook,
populations, which coexist with non-nativesalmon and steelhead migrating downstream to
American shad and striped bass and hatcherythe estuary and ocean after rearing for an
stocks of chinook salmon and steelhead. Harvestextended time. flowsMoreover,improvedspring
of naturally produced chinook salmon andwould also benefit stream channels, gravel
steelhead will be regulated to ensure sustainedtransport and cleansing, and riparian vegetation in

Recreation along the river will be the lower river, which, in turn, will benefit fish.recovery.
enhanced by improving flows and habitats andImproved flow from the American River in spring
expanding populations of salmon, steelhead,would also enhance survival of American and
American shad, and striped bass. ~These actionsother river anadromous fish during their passage
will also help to sustain the natural aestheticdownstream through the Delta to the Bay and
quality of the stream channel and the associatedocean;
riparian corridor and floodplain while allowing
both consumptive .and nonconsumptive uses of theIn addition to spring flows, flows are also needed
fish, wildlife, and plant resources of the area. in other seasons to protect juvenile salmon and

steelhead rearing and migrating in the river. In
The American River Flood Control Project, the some cases, flow needs exceed natural,
lower American River Parkway, operations ofunimpaired river flows below Nimbus Dam,
Folsom and ~Nimbus dams of the CVP, and the because these juvenile fishes must rear in the non-
designation of the parkway as a State and federaltraditional habitats of the lower river instead of
Wild and Scenic River are essential elements thatthe upstream reaches above the dams. Managing
will guide the restoration of ecological health offlows and water temperatures is necessary to
the American River Basin Zone. of limited waterEcological optimizeuse resources.Doingso

would require alternative operation of the water
Restoration activities are directed at improvingrelease shutters at Folsom Reservoir’s power
seasonal stream flow and water temperatures,penstocks and physical modifications to the urban
spawning gravel resources, and stream channelwater intake stm.ctures tofacilitate the diversion
configuration and habitat, and riparian corridorof water from Folsom Dam at elevations other
management. These processes, in turn, willthan 317 ft (msl).
support development and maintenance of
spawning and rearing habitat (e.g., physicalHabitat improvements in the lower American
habitat, water temperature, and food supply). ToRiver are necessary to increase spawning and
support populations ’of naturally spawningrearing habitat quality and quantity for salmon
steelhead trout, fall-run chinook . salmon,and steelhead to improve natural production of
American shad, and resident native fishes, thethese anadromous fish species. Improved
natural stream flow pattern and spawning and.spawning habitat will lead to increased production
rearing habitat need to be improved. Of theseof young salmon and steelhead. Improved stream
actions, improving seasonal stream flow andchannel and riparian vegetation will increase the
water temperature have been identified by theavailability of essential spawning and rearing
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habitat available for chinook salmon and
steelhead. Some changes to the stream channel,Reaching this vision for the American River
could reduce warming of the river and provide’Ecological Unit will also require reducing the
fewer refuges for warm water predators, adverse effects of illegal and legal harvest,

hatcheries, and contaminants from urban drainage
Many of the deficiencies identified in ecosystemon lower American Rive~" aquatic resources. The
processes in the American River can be remediedfollowing section describes additional visions or
by improving water management and modifyingobjectives for restoring key ecological processes,
aquatic and terrestrial habitats. For example, sidehabitats, and important species of the American
channels can be restored along with SRA habitatRiver.
to provide rearing habitat and reduce heating of
the river. Much of the needed gravel for the river VISIONS FOR ECOLOGICAL
is stored in and along the river but is unavailable
because of armoring or is stored on higher

PROCESSES

terraces and in dredger tailings. Restoration
efforts can focus on reconfiguring the existing CENTRAL VALLEY STILEAMFLOW

channel, redistributing available gravel supplies
and restoring riparian vegetation whileThough many of the streams in the American
maintaining or improving the flood capacity ofBasin are naturally intermittent, maintenance of
the channel, the natural winter and spring flows in the streams

is important for maintaining floodplain processes
Ameliorating or eliminating these problemssuch as meander belts and stream channel
would require long-term intervention andconfigurations, as well as riparian and wetland
maintenance beyond simply replenishing thehabitats. Stream flows also attract salmon and
gravel supply of the American River. Althoughsteelhead to the creeks of the basin beginning in
redistributing available gravel and improving thefall, and transport young salmon and steelhead
gravel permeability of salmonid spawningdownstream in winter and early spring. Adequate
grounds is an important element of the vision,streamflows are important for maintaining native
reconstructing and maintaining the channel alsorainbow trout/steelhead through the summer in
would be critical aspects of the effort. Forupper Coon Creek, Auburn Ravine, and Dry
example, much of the natural channel has becomeCreek (tributaries). Some stream flow is also
incised and armored, because sand and gravelneeded to support native resident fishes through
appropriate for spawning have been continuallythe summer-fall irrigation season. The vision for
eroded without being replaced, stream flow is where possible natural streamflows

will be retained in creeks to support riparian

Adequate seasonal flows to sustain salmon andhabitat and important species. This may involve

steelhead populations are not.always available inreduced diversions or increased inflows either

the American River. This is especially true forfrom increased inter-basin diversions or other
flows during spring through fall in drier thansources of water (i.e., groundwater or recYcled

normal water-years. Additional water releaseswater).

will be made possible from Folsom Lake storage,
through purchases of CVP water from willingStreamflows shape river channels, support

sellers for fish and wildlife, revised guidelines forriparian vegetation, and provides habitat for fish

operation of the CVP and State Water Project and other aquatic organisms. The vision for

(SWP), water transfers, and/or purchases of waterstreamflow in the American River below Nimbus

conserved from other sources using availableDam is to more closely emulatethe natural flow

restoration funds, regime of the river through operating changes in
the allocation of the available water supply of

Volume 11: Ecosystem Restoration Program Plan
American River Basin Ecological Zone

Draft: March 1998
292

C--00691 4
(3-006914



reservoirs and reducing demands on water supplyNatural stream meanders will be encouraged by
in drier years to maximize direct benefits to lowerremoving where possible constraints on meander
American River anadromous fishery resources,belts such as levees and bank protection in the
Improvement in spring flows also will providelower floodplain portions of the creeks. Natural
indirec~benefits by supporting naturally occurringfloodplain overflow will help to collect
seasonal flow in and normal floodwaters and andpatterns dry years sediment, helptodissipate
that supports many ecological processes/featuresthe erosive forces of flood waters.
essential to the health of anadromous fish
populations. CENTRAL VALLEY WATER

TEMPERATURES
NATURAL SEDIMENT SUPPLY

in when in theBeginning spring streamflows
Sediment supply is an important watershedcreeks decline after the rainy, season, water
attribute that contributes to stream channeltemperatures in the creeks increase naturally with
meander and maintenance of riparian systems,the Valley air The creeks dowarm temperatures.’
Sediment supply and gravel recruitment on thenot cool again until fall, Water diversions,
American River is impaired because recruitmentirrigation returns, riparian habitat degradation,
from upstream is blocked by Folsom and Nimbusand urban runoff alter this natural pattern.
Dams. The vision is to redistribute and/orSprings, diversions from other watersheds, and
supplement gravel to provide continualhigher elevations maintain oool water habitat in
replenishment of gravel for chinook salmon andthe upper watersheds of .Coon Creek, Auburn
steelhead spawning habitat.Activities Ravine, and Secret Ravine. The vision is provide
implemented to reach this vision will becooler spring through fall water temperatures in
consistent with flood control requirements, these watersheds by protecting and enhancing

stream flow where possible, enhancing riparian
STREAM MEANDER vegetation along creeks, reducing warm water

discharges to the creeks, and-reducing diversions
A natural stream-meander process in thefrom thecreeks.
American River is no longer possible beeanse of
dams, flood-control levees, remnant effects ofHigh summer and fall water temperatures limit
dredger mining, and altered flow patterns. Thesalmon and steelhead production in the American
vision is to sustain some semblance of a naturalRiver. The vision is to control water temperatures
stream meander corridor to the extent possible toin the lower American River, to the extent
sustain thediversityofhabitatsthatdepimdonapossible, to maintain and contribute to the
natural meander, and to dissipate the energy of therestoration of chinook salmon and steelliead
river, populations and to avoid high water temperatures

which eanse mortality or result in other adverse
NATI~ FLOODPLAIN PROCESSES effects to young steelhead (e.g., reduced growth),

or delay fall spawning of salmon.
In addition to changes in flow,
processes have been altered by floodplain UPPER WATERSItEDPROCESSES
development including flood control levees,
reclamation of wetlands for The vision for watershed health andagriculture,gravel upper
mining, and other land uses. The vision is wherefunction is that local programs will be established
possible natural floodplain processes will beto protect and restore watershed health, protect
preserved by allowing winter-spring flows to water quality, reduce fine sediment input and
overflow into riparian and wetland habitats.
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erc~i~on, and moderate storm evems by attenuating PERENNIAL GRASSLANDS
hi~a volume storm runoff.

Upland habitats are important for waterfowl, giant
VISIONS FOR HABITATS garter snakes, and mptors such as the Swalnson’s

hawk. The vision for upland habitats is to protect
SEASONAL WETLANDS and expand around the outer edges of wetlands,

and-to restore grasslands and rdmnant oak
Seasonal wetlands, including vernal pools, are woodland and oak savanna where possible.

important habitat for many species of fish,
wildlife, and waterfowl. The vision is to protect AGRICULTURAL L~DS
existing areas of seasonal flooding and to
maintain or expand sources of water to promote Agricultural habitats are important to waterfowl
higher quality wetlands especially in drier years, and wildlife. The vision is to foster agricult~-al
Areas where seasonal flooding develops seasonal practices that provide valuable wildlife habitat.
wetlands will be expanded. Flooding easements Where sufficient water is ayailable, rice lands will
will be obtained from willing landowners to be flooded after harvest rather than burned to
provide seasonal wetlands in flood prone areas provide winter waterfowi areas and reduced air
such as Natomas Basin and lowlands to the east. pollution. Riparian and upland habitats will be

protected and expansion encouraged. Wildlife
RIPARIAN AND RIVERINE AQUATIC friendly agricultural practices will be encouraged.

HAmTAT
VISIONS FOR REDUCING OR

The vision is to fully protect and restore riparian ELIMINATING STRESSORS
and riverine aquatic habitats to maintain and
enhance to support aquatic and terrestrial species, WATER DIVERSIONS
particularly those of primary management
concern. The vision for water diversions is to: 1) prevent

loss offish at diversion facilities; and 2) prevent
Riparian habitats are important to fish, wildlife the take of water from inhibiting the maintenance
including giant garter snake, and waterfowl. The and/or restoration of riparian and riverine aquatic
vision is to protect and expand riparian and habitats. Water diversions from streams and
n’verine aquatic habitat, both forest and shrub, adjacent marshes divert streamflow that is
along creeks, drainage ditches, irrigation canals, important to habitat and species of theunit. The
and wetlands. Remnant patches of high-qualityvision is to reduce water diversions along creeks
riparian habitat will be protected. Areas of and floodways where possible to protect fish and
disturbed habitat will be restored where possible, enhance riparian and wetland habitats. Greater
Agricultural and grazing practices will be streamfiows especi.ally in drier years will provide
~ modified in riparian zones to encourage recovery for greater amounts of riparian habitat and sustain
of riparian and SRA habitat along the creeks, salmon and steelhead, as well as native resident
Improvements in stream flows will also benefit fishes.
riparian zones. Riverine aquatic habitat is
essential to spawning and rearing salmon and LEVEES, BRIDGES, AND BANK PROTECTION

¯ steelhead in the upper basins of Coon Creek,
Auburn Ravine, and Secret and Miners Ravines. Levee construction and bank protection have led
Stream channel and SRA habitat should beto the loss of riparian, wetland, and shallow-water
protected and enhanced, habitat along the riverand adjacent marshes. The

vision is to restore riparian vegetation along
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levees and protected banks. The vision is to CONTAMINANTS
selectively remove or setback levees and limit

protection along streams to continue to enter the river from municipal,bank and marshes
allow natural stream processes and habitatindustrial, and agricultural discharges. The toxins
development, have had a demonstrated effect on the health

survival, of waterfowl, fish,andreproduction and

LAND USE wildlife. The vision is to reduce the input of
toxins entering the streams and wetlands to

Urban has all contributed to the health, survival, and ofdevelopment improve reproduction
degradation of the riparian and aquatic habitats inmany important waterfowl and other wildlife, as
the lower American River, Urban development inwell as reduce contaminant effects on fish in the
the river’s watersheds has added to peak flood-American River, the Sacramento River, and the
flow burdens to the river. Higher flows, loss ofBay-Delta.
riparian and upland habitat also increase sediment
loads and erosion. Urban runoff can also warm ]:IARVEST OF FISH AND WILDLII~
th. river considerably from spring through fall
The vision is to reduce these effects on riparianThe vision is to reduce or eliminate that illegal
and aquatic habitats through improvedharvest of anadr0mous fish and to assure that
cooperation, education, andsupport cities locatedlegal harvest will not compromise efforts to
along the river. Expected increases in urbanrebuild fall-run chinook salmon and steelhead
development in the river’s watersheds will add topopulations in the lower American River,
existing peak flood-flow burdens to the river.
Livestock grazing, animal feedlots, agricultural ART1HCIAL PROPAGATION OF FISH
practices, and urban development have a~l
contributed to the degradation of the riparian andThe vision for the artificial propagation of fish is
aquatic habitats associated with the creeks in thethat Nimbus Hatchery will contribute to the
American Basin. rebuilding of fall-run chinook salmon and

steelhead populations without impairing the
The vision is for locally sponsored watershedgenetic identity of naturally spawning
management planning processes to be developedpopulations. Also, minimizing the interactions of
and to contribute to maintenance and restoration,wild and hatchery fish will contribute to reducing
of the ecological values present in the Americanthe potential for predation on and competition
River Ecological Zone. with the natural spfiwning populations.

NON-NATIVE SPECIES VISIONS FOR SPECIES

The river and creeks in this zone ..... SPLITTAIL~olo~cal
contain many non-native fish includingThe vision is to increase the availability of
largemouth and smallmouth bass, sunfish, carp,spawning habitat in the lower American Ri~,er togolden shiners, and catfish~ These fish competespawning populations of splittail from the Bay-
with native fishes and are more .able to use

Delta by increasing the amount of riparian anddegraded habitats such as ponds and warm Water.wetland habitat in the lower American River.
The vision is to improve stream flows and aquatic
and riparian habitats, and reduce ponded habitatsAdult splittail migrating upstream along the
to limit effects of non-native fish. Sacramento River from the Bay-Delta should take

advantage of improved floodplain habitats along
the NCC and other drainage canals from setback
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levees az~d seasonal and permanent wetland andsupplementation and reduced legal and illegal
riparian habitat improvements in thefloodplain.~ harvest may also be necessary to restore
The vision for splittail is to expand their use of thepopulations.
unit through improvements in spawning and
rearing habitat in the floodplain of the unit. AMERICAN SHAD

FALL-RUN CRINOOK SALMON The vision for American shad is to maintain or
expand existing populations of this popular non-

The vision for fall-run chinook is to increase thenative sport fish per restoration goals established
natural spawning population of chinook salmon inby the USFWS. American shad will be benefit
the lower American River through improvementsfrom improved spring flows.

ecological processes (streamflow, spawning
gravels, and water temperatures), habitats STRIPED BASS.
(spawning and rearing habitats including riparian,
SRA, and wetland and sloughs), and reductions in-The vision for striped bass is to maintain or
stressors (water diversions, harvest, hatcheryexpand the Bay-Delta’s population of striped bass
practices, and predators/competitors), use of the lower American River to sustain.a

popular sport fishery in the river at levels
Small populations of chinook salmon persist inestablished by DFG and USFWS. Striped bass
several unit creeks. The vision is to expand thesewill benefit from improved spring flows and
populations through reduced diversions, improvedimproved populations of other fish.
streamflow and water quality, and restored
riparian and wetland habitats. Continued annual GIANT GARTER SNAKE
stocking of f’mgerling salmon in the watersheds
will help to ensure populations are sustainedGiant garter snake depend on quality marsh
through periods of drought when naturalhabitat with adjacent uplands to sustain their
minimum flows in the upper watersheds cannot bepopulations. The vision is t6 protect and expand
sustained. Protection of upper creek watershedsexisting populations through reduced extremes in
from urban development to maintain existingflooding, improved riparian, upland, and wetland

¯ salmon spawning habitat will be essential, habitat, and improved agricultural practices.

STr~ELHEAD SWArNSON’S HAWK

The vision for steelhead is to increase theSwainson’s hawk forage in grasslands and
numbers of naturally, produced steelhaad in thepastures of the Basin. The vision is to expand
lower American River to level established by thenesting and foraging opportunities for the
DFG a~d USFWS through improved stream flow, Swainson’~ hawk in the Basin by expanding its
spawning and rearing habitat, and reduction innesting and foraging range through habitat
stressors. (water diversions, harvest, hatcheryimprovements. Enhanced riparian habitats should
practices, and predators/competitors), eventually lead to more nesting in the unit.

Improvements in upland grassland habitats
Like chinook salmon, the vision for steelhead is toassociated with wetlands and riparian habitats
expand populations in Coon Creek, Auburn should provide greater foraging opportunities for
Ravine, tributaries of Dry Creek, particularlySwainson’s hawks nesting along the Sacramento
Secret Ravine and Miners Ravine with reductionsRiver at the western edge of the unit.
in water diversions, improved streamfiows, and
improved riparian habitat.     Hatchery
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WATERFOWL                                                      CENTRAL VALLEY HABITAT JOINT
VENTURE

The Sacramento Valley with its wetland
complexes is an important waterfowl area. LargeThe Central Valley Habitat Joint Venture is a
numbers of ducks, geese, and swans winter in thecomponent of the North American Waterfowl
Valley, depending on the high-quality foragingManagement Plan of the USFWS with funding
habitat of the wetlands and adjacent riparian,and cooperative projects of the federal, State, and
upland, and agricultural habitats to replenish theirpriVate agencies~ New sources of funding
energy reserves. With extensive rice culture, andincluding CALFED restoration funds are being
extensive floodplain with winter ponding behindsought to implement the Joint Venture. The Joint
levees the unit is an important waterfowl area.Venture has adopted an implementation plan that
The vision is to expand waterfowl use ~3f theincludes the American Basin. includeObjectives
Basin through wetland and riparian habitatprotection of wetlands through acquisition of fee-
improvements and expansions, along withtitle or conservation easements, enhancement of
increases-in agricultural acreage managed forwaterfowl habitat in wetlands and agricultural
wintering waterfowl, lands. The objectives and targets of the Joint

Venture have been adopted by the ERPP.
INTEGRATION WITH OTHER

RESTORATION PROGRAMS
WATER FORUM

The Water Forum is a diverse group of business
In restoring the stream channel and riparianand agricultural leaders, environmentalists, citizen
habitats, close coordination is required withgroups, water managers, and local governments.
government agencies responsible for the lowerTogether, the participants in the Water Forum
American River and American Basin. The Cityhave agreed upon two co-equal objectives for the
and County of Sacramento, which administers thelower American River to address future water
American River Parkway Plan, and the Secretaryshortages, environmental degradation,
for Resources and the Secretary of the Interior,contamination, threats to groundwater reliability,
who administer the. State and federal Wild andlimits to economic prosperity, and competition for
Scenic Rivers Acts, will be essential participantsAmeriean River water. The dual Water Forum
in the restoration program for the lower Americanobjectives are to: 1) provide a reliable and safe
River. In addition, the Corps and the Sacramentowater supply for the region’s economic health and
Area Flood Control Agency are r_esponsible forplanned development through to the year 2030;
ensuring the flood control ~apacity of the fiverand2)preservethefishery,wildlife,recreational,
and American Basin is retained, while retaining asand aesthetic Values of the lower Americ~a River.
much as possible the ecological resoumes of the
fiver. Both agencies are cooperating to developImportant elements the Waterby
plans to improve habitat and flood control on theForum that will contribute to improving
lower fiver and American Basin. ecological health of the lower American River

include improved of fishery ~ flowpattern
The following list includes the most activereleases from Folsom Reservoir and habitat
programs in the Amedean Basin Ecological Zonemitigation. The flow pattern being developed will
that can contribute to restoring ecological healthbe ’fish friendly’ and would significantly benefit
to the basin. Attaining the visions describedfall-run chinook by improving fiver flows and
above for the American River will requiretemperatures at critical times. Changes in the
cooperative and coordinated efforts on the part ofoperations of the water release shutters at the
stakeholders and agencies with managementpower penstecks of Folsom Dam is anticipated to
interests in the fiver.
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improve water temperatures in the lowerNATOMAS BASIN HABITAT CONSERVATION
American River in summer and fall. In addition, PLAN (HCP)
the Water Forum, in partnership with other
management agencies on the lower AmericanA habitat conservation plan. was developed in
River, is proposing a series of fishery studies and1996 to provide a practical program to promote
pilot projects to determine what additionalbiological conservation along with economic.
operations, modifications, and mitigation projectsdevelopment and continuation of agriculture in
should be implemented to help restore lowerthe Natomas Basin, the south-west subunit of the
American River chinook salmon and steelheadAmerican Basin Ecological Unit. The program
populations, outlined in the Plan establishes a multi-species,

multi-habitat conservation program to mitigate the
SACRAMENTO AREA FLOOD CONTROL expected loss of habitat values and incidental take

AGENCY (SAFCA) of protected species that would result from urban
development, operation of irrigation and drainage

SAFCA with other resource agencies and privatesystems, and agricultural activities in the Natomas
entities is developing a Floodway ManagementBasin. Funds are obtained from developers to
Plan (IMP) for the lower American River. A purchase habitat reserves and conduct studies.
Lower American River Task Force has beenThe HCP establishes a Natomas Basin
working toward developing a FMP that provides Conservancy to cover activities associated with
protection to resources in the floodway. Theirmanaging reserves, populations status surveys,
focus is on protection and restoration of riparianand general scientific research. The HCP covers~
habitat in the floodplain of the lower Americanwetlands, riparian, and upland habitats and
River. SAFCA is also active in protecting andassociated plant and animal species, and does not
restoring habitat "~ the Natomas Basin of thecover aquatic habitat or fish species.
American Basin Ecological Uriit. Planning efforts
are being conducted to improve flood protection COORDINATED RESOURCE MANAGEMENT
for the Natomas Basin. SAFCA has developed a AND PLANNING (CRMP)
Natomas Area Flood Control Improvement
Project that provides.additional levee protectionCRMP programs are being established at least for
and .~fface transport of floodwaters, and alsothe Aubum RavineCreekwatershed. Coordinated
addresses special status plant and animal species,land management and planning activities are
vernal pool and wetland habitats, and upland andbeing undertaken between agencies and private
riparian habitats, entities and MOWs developed to focus on water

quality, fisheries improvement, and fire safe
SAFCA has funded extensive work on designm’." gcommunities in order to promote public safety,
environmental features into bank protectionwatershed stability, and high quality waters in
projects. SAFCA and the U.S. Army Corps of Auburn Ravine through cooperation, information
Engineers continue to develop habitatdevelopment, and education. The CRMP deals
conservation/mitigation/enhancement elements towith erosion and sedimentation, habitat quality,
beincorporatedintotheleveeimprovementand habitat loss and depletion of biodiversity, rural
bank protection program for the Lower American homes and irn’e hazards, and the need to maintain
River. These elements include design andoverall s~bility of the watershed. Watershed
construction of multi-stage bench areas at specificquality is to be improved through fore:!’: fuels
water surface elevations in order to providemanagement, preventing discharge of poi~nts,
littoral rearing habitat for salmonids, as well assustaining fish and their habitats, and creating and
increasing the habitat complexity and diversity insustaining diverse habitat and wildlife diversity..
portions of the Lower American River. The role of the creek for conveying irrigation
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water and as a flood channel are also to ~befor chinook salmon. Funding is also available to
protected. , reduce fish passage and screening problems.

CENTRAL VALLEY PROJECT A Water Management Plan is being developed to
IMPROVEMENT ACT guide water supply development for anadromous

fish under CVPIA’s 3406(b)(2) and (b)(3)
The CVPIA added ’mitigation, protection and projects. Dedicated CVP water and supplemental
restoration of fish and wildlife’ as a purpose ofwater purchased from willing sellers will be used
the Central Valley Project and required theto flows for anadromousfish. Such
imple-mentation of a program that makes allwater supply can be used to enhance salmon and
reasonable efforts to increase the naturalsteelhead populations in American Basin streams
production of anadromous fish in Centra! Valleyand thelowerAmericanRiver.
rivers and streams to not less that twice the
average levels present from 1967-1991. SALMON, STEELHEAD TROUT AND

ANADROMOUS FISHERIES PROGRAM ACT

The U.S. Fish and Wildlife Service and the
Bureau of Reclamation are implementing theEstablished in 1988 by Senate Bill 2261, this Act
CVPIA which provides for restoration of habitats directs the ~alifornia Department of Fish and
and species and minimization of stressors. KeyGame to implement measures to double the~
elements of the CVPIA program include thenumbers of salmon and steelhead present in the
Anadromous Fish Restoration Program (USFWS Central Valley (DFG 1993, 1996). The
1995) and the Anadromons Fish ScreeningDepartment’s salmon and steelhead restoration
Program. Other elements are directed atprogram includes cooperative efforts with local
spawning gravel replenishment on the lowergovernments and private landowners to identify
American River, water acquisition, and otherproblem areas and to assist in obtaining funding
measures that will contribute to restoring thefor feasibility studies, environmental permitting,
health of the Sacramento River and Sacramento-and project construction. Reaching the goals and
San Joaquin Delta Ecological Zones. targets developed to restore ecosystem functions

of the American River Basin and the associated
Activities with d’nv.et application to the Americanbiotic community will require close coordination
Basin include a program to restore smallamong State, federal, and local agencies, with
tdbutariesto the Sacramento River. Local entitiesparticipation by water developers and
such as Resource Conservation Districts are beingstakeholders.
funded to identify problems, develop solutions,
and implement actions to address small-scale PLANNING BY CITIES AND COUNTIES
restoration projects on tributary streams.

Comprehensive The cities of Roseville, Auburn, Lincoln, Rocklin,CVPIA’s Assessmentand

Monitoring Program (CAMP) is funding efforts to and Sacramento, and the counties of Sutter,
provide information on the anadromous fish runsSacramento, and Placer are all involved in
in lributary streams.Funding is also being activities that relatedplanning to ecological
provided for .regional conservation planning ofresources and restoration in the American Basin
Watersheds in the basin that support salmon andEcological Zone. Activities include a Roseville
steelhead. Funding is also .available forRegional Wastewater Treatment Service Area
evaluating the potential contribution ofMaster Plan that involves collection, treatment,
intermittent tributary streams like those in theand disposal of waste water, water quality, and
American Basin as spawning and rearing habitat¯ public health. Cities and Counties of the Basin

are pressed with the need to conserve biological
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resources, habitats, and ecosystem quality, while ECOLOGICAL PROCESSES
addressing large scale growth, and land use
changes in the cities and counties that may affect CENTRAL VALLEY STREAMFLOWS
the flood capacity, water quality, and general
environmental health of the watersheds. IMPLEMENTATION OBJECTIVE: The

implementation objective for Central Valley
LI2~KAGETO OTHER streamflows is to restore basic hydraulic

ECOLOGICAL ZONES conditions to reactivate and maintain ecological
processes that create and sustain habitat required
for healthy fish, wildlife, and plant populations.

Many of the habitats, processes, and stressors
found within this ecological zone are simildr to

TARGET 1: Develop and implement an
those found in the Feather/Sutter, Cosurnnes,ecologically based streamflow regulation plan for
Delta, Yolo Basin, and Colusa Basin Ecologicalthe American Basin creeks and lower American
Zones.Efforts ecologicalone zoneshould River. The lower American River should meet
be similar to those in adjacent zones providingthe recommended minimum flows and flow
connectivity where needed and cumulativetargets for the lower American River (presented in
benefitstotheS~rStemo Tables 1 and 2). Lower American River flow

events should be coordinated with similar flows
IMPLEMENTATION OBJECTIVES, that occur naturally in the Sacramento Valley and

TARGETS, PROGRAMMATIC with storage releases from Shasta and Oroville

ACTIONS
Reservoirs (*,@).

PROGRAMMATIC ACTION 1A: Provide target
Targets developed for the American River Basinflows by modifying CVP operations and acquiring
Ecological Zone can be classified by theirwater as needed from willing sellers, with
reliability in contributing to attainment of theconsideration given to reservoir available
implementation objectives. The target carryover storage and flows needed to meet needs
classification ~ystem used ".m the following sectiondetermined by the water temperature objective
is as follows: discussed under Target 3 below.

Class           Description PROGRAMMATIC ACTION 1S: Develop and
¯ . Target for which additional research, implement a comprehensive watershed manage=

demonstration, and evaluation is .needed toment plan for the American Basin and lower
determine fe~ibility or ecosystem response. American River to protect the channel (e.g.,

maintain flood control capacity and reduce bank
¯ ~ Target which will be implemented in stageserosion), and preserve and restore the riparian

with the appropriate monitoring to judge corridor. Upper watershed health .should be
benefit and success, improved by reducing the potential for wildfire

and implementing other watershed improvement
~@~ Target that has sufficient certainty of successpractices to protect streamflows, stream channel

to justify full implementation in accordance morphologies, spawning gravel condition, and
adaptivemanagement,programpriority riparian habitats, and minimize sediment input to

setting, and phased implementation,             the stream.
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Table 1. Average Monthly Minimum Flow Targets (cfs)
Water-Year Type Critical

Month Relaxation
Wet Above and BelowDry and Critical

Normal
October         2,500 2,000 1,750 800
November- 2,500 2,5.00 1,750 1,200
February
March-May 4,500 3,000 2,000 1,500
June 4,500 3,000 2,000 500
July 2,500 2,500 1,500 500
August 2,500 2,000 1,000 500

-September 2,500 1,500 500 500

Table 2. Average Flow Targets for 10-Day Pulse (efs), Coordinated with Flows from Shasta and
Oroville Reservoirs

Water- Year Type
Month                                                           Exceptions

Above and BelowDrywet
Normal

March 6,000-7,000 4,000-.5,000 3,000-3,500 Only when
inflows are
sufficient

Late April or early Only when
May 7,000-8,000 5,000-61000 3,500-4,000 inflows are

sufficient

PROGRAMMATIC ACTION 1C: Acquire TARGET 3: Provide flows of suitable qualitywater
from willing sellers to augment river flow duringwater that more closely emulate natural annual
dry years to provide fishery benefits, and seasonal streamflow patterns in American

watersheds (,,).Basin
TARGET 2: Minimize flow fluctuations below
NimbnsDamthatcandewatersalmonidreddsandPROGRAMMATIC ACTION 3A: Enter into
reduce survival of juvenile anadromous fishesagreements with water districts and wetland
from stranding and/or isolation from the mainmanagers to provide return flows of high quality
channel (~,). water from irrigated agriculture and seasonal

wetlands to the American Basin.
PROGRAMMATIC ACTION 2A:Completeon-going
collaborative efforts to develop flow ramping PROGRAMMATIC ACTION 3B: Enter into
criteria and operationally implement these criteriaagreements with landowners and water districts to
to reduce adverse affect of flow fluctuations onlimit diversions of natural flows from creeks to
lower American River fishery resources, improve stream flows.
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PROGRAMMATIC ACTION 3C: Limit diversion of ¯ and normal years that, in some years, may not
natm-al stream flows from American Basin creeks~occur under the present level of project
into irrigation canals and ditches by providingdevelopment and operation.
other sources of water or through purchase of
water fights from willing sellers. Opportunity to succeed in providing optimum,

rather than minimum, flows will rely on
~!~II"IONALE: Natural streamflow patterns are collaborative efforts that include stakeholder
important in maintaining geomorphology of groups such as the American River Water Forum,
watersheds, as well as riparian.and floodplain State and federal agencies, and local
vegetation along stream banks. Streamflow is governments. Developing a long-term water
also essential for the well being of valley wetlands management plan for the American River will
and for upstream passage of adult anadromous meet a diversity of needs, including providing
fish, spawning, successfulrearing, and streamflows needed to maintain ecological
downstream migbation ofjuveniles. In addition, processes and functions; maintaining habitats;
streamflows influences stream channel and supporting restoration of chinook salmon,
morphology, riparian communities, and fish steelhead, and other anadromous and resident
habitat., fish populations below Nimbus Dar~ This plan

may involve ~-ptions presently being considered by
Base flows and flow events will be provided by the American River Water Forum, including
releasing water from Folsom Reservoir, .reducing diverting water from near the mouth of the river
diversions from the American. River. Flood- or at the Fairbairn Water Treatment _Plant,
control releases from Folsom Reservoir that rather than from Nimbus Dam, or Fairbairn
occur during winter and spring months are Water Treatment Plant to meet the needs of water
beneficial in sustaining gravel recruitment, users. Opportunities for adjusting seasonal
transport and cleaning processes. Late non- streamflow and carryover storage patterns to
flood control releases during the winter and/or benefit fish and lower American River habitats,
early-spring period flow will be maintained at while maintaining other beneficial uses, will be
levels events of sufficient magnitude to attract and explored These opportunities may include
sustain adult steelhead and American shad acquiring water rights from willing sellers or
spawning runs. Moreover, spring and early developing supplemental, supplies (e.g.,
summer flows will be maintained at levels that conjunctive use and/or recycled water programs).
provide sug~cient physical space for improve
transport ofjuvenile salmon, steelhead, and shad The target level of the flow events must be
rearing as well as favorable downstream implemented consetTvatively because of the
migration conditions. Both high-level flood- pot .ent_ial impact on water supply. If a flow event
control releases ~ lower base-flow releases equal to or greater than the target flow has not
from reservoir storage during winter and spring taken place during uncontrolled releases from
will be numaged within the operational Folsom Dam by March, then supplementing base
constraints of the reservoir to sustain riparian flows or augmenting small, natural flow. events or
habitats and sustain gravel recruitment, transport, reservoir spills with additional reservoir releases
and cleansing processes. Sufficient minimum is the only means to provide the necessary flows.
flows are necessary to maintain adequate Such releases would be allowed only if an
conditions for adult holdin~ spawning, egg equivalent or greater inflow to Folsom Lake
incubation, and juvenile rearing and migration, occurs.
especially because these functions must now
occur below Nimbus Dam. The target minimum March through May is the logical period during
flows (Table 1) are consistent with historic and which to provide such flow events because this is
unimpaired flows for the American River in dry. the period when natural flow events occurred

~ ~
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historically in dry and normal years, and because and shallow-water habitats, and provide for
opportunities for such flow to occur naturally as ~ nutrient transport.
a function ofnormalproject operation would have
passed. Forecasts regarding the water-year type TARGET 1: Maintain, improve, , or supplement
(dry or normal) would also be available by gravel recruilrnent and natural sediment transport

March and will be used the basis in the lower American River and American BasinFebruaryor
for decisions that balance fishery flows with watersheds to maintain natural ecological
water-supply needs, processes linked to stream charmel maintenance,

erosion and deposition, maintenance of fish
The March flow event would be expected to travel spawning areas, and the regeneration of riparian
unimpaired to the Delta because few if any vegetation (~).
diversions from the American and Sacramento
Rivers occur during Marct~ (Note that additional PROGRAMMATIC ACTION 1A: Monitor spawning
flow events are prescribed for the Feather and gravel conditions in the lower American River
Sacramento Rivers in March, which will further and American Basin watersheds, and identify
enhance Sacramento River flows below the specific sites where mechanical cleaning or gravel
confluence with the ,4merican River.) ,4 March introductions would be beneficial to enhance or
flow event would also help satisfy Delta outflow increase gravel spawning habitat.
requirements. Further, the prescribed flow event
in late .April and early May would add to flow PROGRAMMATIC A~ION 111: Implement a pilot
events prescribed from the Mokelumne, study to assess the benefits of mechanical
Stanislaus, Tuolumne, and Merced Rivers to the cleaning to improve gravel permeability.
south, which together will also satisfy Delta
ouOqow requirements. PROGRAMMATIC ACTION lC: Develop a

collaborative program to investigate erosion,
These prescribed flows cannot usurp individual bedload movement, sediment transport, and
water rights established subject to California law. depositional processes and their relationship to.the
ERPP does not include any adjudication or formation of point bars and @arian regeneration
involuntary reallocation of water rights, in the lower American River and American Basin

watersheds.
Mana~g for appropriate seasonal flow regimes .
in the lower American River and American Basin _RATIONALE: Gravel is an essential element of
creeks will restore and sustain anadromous and spawning and rearing habitats for salmon,
resident fish help natural steelhead and other native Gravelpopulations, promote trout, fishes.
channel formation processes, establish and supplies are not thought to currently limited
maintain riparian vegetation, and will sustain salmonid production in the lower American River
numerous foodweb functions. Minimum flows but may become limiting in the near future,
also attract adult steelhead and fall-run chinook especially in the area immediately below Nimbus ...
salmon during fall and winter. Da~ Some gravel is provided nantrally when the

river cuts into dredger tailings during high flows;
NATURAL SEDIMENT SUPPLY however, this input is not sufficient to maintain

high-quality spawning habitat for the target levels
IMPLEMENTATION OBJECTIVE: The of naturally produced fa!l-run chinook salmon
implementation objective for natural sedimentand steelhead ¯ Gravel recruitment can be
supply is to establish sufficient quantifies tosupplemented by providing additional gravel for
riverine and estuarine systems to restore orthe river to capture under its controlled flow
reactivate stream channel meander and point barregime.
formation, provide sediments to rebuild wetlands
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|
The Lower American River Technical Team and flood processes is to modify channel and
reparted that the availability of spavming habitat basin configurations to improve floodplain
does notappeartobeanimmediate problemas ~function along rivers and streams in the []
there are adequaie amounts of appropriately sized Sacramento-San Joaquin basin.
gavel in the river; and there is a large amount of
gravel along the banks and in the. bars of the TARGET 1: Maintain the existing stream meander
lower American River that provide sources for configuration along the American River between
gravel recruitment. Nimbus Dam and the Sacramento River (~).

Simply adding gravel to the stream channel may PROGRAMMATIC ACTION 1A: Maintain a stream
not improve spawning conditions because an meander configuration along the lower American
impermeable clay lens nrtcler the deposited gravel River by working with involved parties to develop
could limit upward percolation and, therefore, a floodplain management program consistent with
fish use for spawning., and other site-specific flood control needs. These parties include the
habitat characteristics. Hence, the specific river Corps, the California Reclamation Board, the
location were gravel deposition occurs will Sacramento Area Flood Control Agency, the
largely dictatethe benefits to fishery resources of Lower American River Task Force, and the
deposition gravel. American River Water Forum,

l
Natural sediment supply from the watershed PROGRAMMATIC ACTION 11~: Where possible,
above Folsom Dam has been eliminated. The maintain mainstem and side channel habitats
long-term adverse effects of this have not been typical of a natural fiver that provide salmon and
adequately investigated. Lack of sediment steelhead spawning and rearing habitat.
recruitment from the upper watersheds, ranging
from fine sands to cobbles, may adversely TARGET 2: Restore natural stream meanders in |
influence the structural characteristics of the the floodplains of American Basin creeks (~).
stream channel, impair riparian and riverine
aquatic habitats, and reduce habitat complexity PROGRAMMATIC ACTION 2A: Where possible |requiredby anadromous and resident f!~h species. - within flood control constraints, restore natural
Investigations into these issues will provide meander belts along the lower creeks through
additional insight into finer resolution of long- setback of levees or removal of bank protection,
term opportunities to improve the ecological or other physical structures impeding a natural
health of the American River. meander process.

The sediment regimes of American Basin creeks TARGET 3: Maintain and enhance floodplain
have not been investigatea~ However, because overflow ~eas in the lower American River and
these streams do not have dams on them, natural floodplain of the American Basin (~).
sediment supplies are probably available. The
condition of the watershed and spawning habitats PROGRAMMATIC ACTION 3A: Setback levees in
in the upper watersheds of Coon Creek, Auburn the floodplains of creeks and canals of the l
Ravine, and Dry Creek should be investigate¢~ American Basin.

NATURAL FLOODPLAIN AND FLOOD PROGRAMMATIC AClION 3n: Protect existing l
PROCESSES overflow areas from future reclamation.

IMPLEMENTATION OBJEL"TIVE:    The PROGRAMMATIC ACTION 3C: Develop floodway

implementation objective for natural floodplainsdetention basins in the floodplains of the
American Basin to temporarily store floodwaters.
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PROGRAMMATIC ACTION 3D:    Enter into will provide the habitats needed by.salmon and
agreements with willing landowners and irrigation steelhead normally created by these processes.
districts to set back levees and allow floodplain
processes such as stream meander belts. In the American Basin project levees channel

flows in lower creeks into the NCC and NEMDC,
PROGRAMMATIC ACTION 3E: Expand existing which carry floodwaters to the Sacramento River.
floodplain overflow basins by obtainingLevees along the lower creeks typically fail to
easements of titles from willing sellers ofhold back water as water backs up at the

lands. Sacramento River. the floodplain andfloodplain Widening
setting back levees along the NCC, NEMDC, and

PROGRAMMATIC ACTION 3F: Reduce or lower creeks provides more flood carrying
eliminate gravel mining from active streamcapacity and a more naturalfloo@lainprocess
channels, that would promote riparian and wetland habitat

¯ development.
RATIONALE: Natural river floodplain processes
permit natural stream-channel development that CENTRAL VALLEY STREAM
supports for riparian vegetation and provides TEMPERATURES
spawning and rearing habitat for chinook salmon
and steelhead. Natural stream processes in IMPLEMENTATION OB,IECTIVE: The
alluvial systems transport and deposit sediments; implementation objective for Central Valley
provide transient habitats important to algae, stream temperatures is to maintain, improve, and
aquatic invertebrates,~ and fish; and provide restore water temperature regimes to meet the
surfaces colonized by. natural vegetation that thermal requirements life-history needs of aquatic
support wildlife. "- Overbank flooding is an organisms of primary management concern.
important regenerative process-needed to
maintain riparian forests and woodlands. In TARGET 1A: Maintain lower American River
addition, much of the nutrient input is derived water temperatures in the spawning and rearing
from infrequent overbank flooding of the reach between Arden Bar and Nimbus Dam at or
riparian/floodplainzone. Opportunities torestore below 60*F beginning as early in October as
floodplains and flood processes along the lower, possible, based on annual coldwater pool
American River are constrained by the flood availability
control requirements provided by Folsom Dam
and the levee system throughout in the lower river TARGET 1a: Maintain lower American River

Adaptive management including focused water temperatures in the upper portion of thereach.
research and monitoring will be important reach between Nimbus Dam and Sunrise Bridge
elements to guide the level to which floodplain and in the upper portions of Coon Creek, Doty
processes Creek, Auburn Ravine, and Secret Ravine in thebemaintained restoredinthe
lower American River. These processes are American Basin below65*F from spring through
closely linked to maintaining and restoring the fall (~�).
riparian corridor which supports a variety of
aquatic and terrestrial species. PROGRAMMATIC A~ION 1A: Optimally manage

Folsom Reservoir’s coldwater pool via real-time
Remnant effects of devastating dredger mining of the water-release shutters to provideoperation
along the American River also hinder natura/ the maximum equitable thermal benefits to lower
stream-channel processes. Because of these American River steelhead and chinook salmon
constraints, artificial means are necessary to throughout the year, within the constraints of
maintain natural stream-channel processes that reservoir eoldwater pool availability.
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PROGRAMMATIC ACTION 1B: Reconfigure RATIONALE: SAFCA used an iterative modeling
Folsom Dam shutters to improve management ofapproach to develop a monthly target release.
Folsom Reservoir’s coldwater pool and maintain~ temperature regime on the Lower American River
better control over the temperature of water(as part of the DEIR/EIS for P.L. 101-514 CVP
released downstream. Water Supply Contracts). This effort developed a

monthly target release temperature regime that
PROGRAMMATIC ACTION 1!2: Install a mitigated project-related potential water
temperature control device at the urban watertemperature impacts of steelhead and also
intakes at Folsom Dam. Doing so would facilitatereduces average armual early life stage mortality
diverting water at elevations above 317 ft (msl),for chinook salmon. Modeling analyses revealed
which would preserve the reservoir’s cold waterthat managing Folsom Reservoir "s coldwaterpool
pool for releases to the lower American River. in this alternative manner would: (1) provide

water temperatures during the July through
PROGRAMMATIC ACTION 1D: Investigate Septemberperiod that would be lower than those
opportunities to improve the manner in which therealized under the Base Case condition, thereby
water-rel~c~ shutters at Folsom Dam areproviding more favorable conditions for over-
physically ~,astalled, removed, and maintainedsummering juvenile steelhead; and (2) reduce
annually, as well as opportunities to improve theiraverage annual early life stage losses of chinook
¯ efficiency in releasing water from desiredsalmon caused by elevated Lower American River
elevations, water temperature during September, October,

and November.
PROGRAMMATIC ACTION 1E: Evaluate the
potential for creating side-channels thermalfmprovedoperationofthewater-releaseshutte~s
refuges for juvenile steelhead rearing over-configuration at Folsom Dam can reduce the
summer in the lower American River. Suchtemperature of water released into the lower
habitat eould provide habitat slightly cooler thanAmerican River. Improved temperatures of water
peak daytime fiver temperatures, released from Folsom Dam and improved channel

habitatsare needed to provide adequate over-
PROGRAMMATIC ACTION 1F: Evaluate options to summer rearing habitat for juvenile steelhead.
reduce releases of warmer surface waters of Lake Releases from Folsom Reservoir "s coldwater pool
Natomas through the turbines at Nimbus Dam intoare also required to provide adequate spawning
the lower American River. Options may includetemperatures for fall-run chinook salmon in
a temperature curtain in the lake near the turbineOctober and November. However, the low end-of-
intakes.. Operations of Nimbus Dam duringyear storage levels allowed in Folsom Reservoir
occasional spill events should also be evaluated tocurrently for flood-control purposes will make
minimize the release of warm surface waters fromtemperature control for salmon spawning difficult
Lake Natomas. in late summer and early fall of most water-years.

PROGRAMMATIC ACTION 1G: Evaluate means of While managing the cold-water pool in Folsom
maintaining cool water temperatures as necessaryLake is a priority for maintaining cool water
in upper watersheds of Coon Creek, Auburn temperatures in the lower American River, lessor
Ravine, and Dry Creek, including.suchmeasuresbut significant benefits can also attained by
as pumping ground water, enhancing riparianmanaging releases from Nimbus Dam. Surface
vegetation, reducingdrainage inputs of warmwaters (top several feeO of Lake Natomas can
water from agriculture and urban runoff, andheat up to 5 to lO*F from late spring through
supplementing creek flows with diversions ofearly fall. Water released into the lower
waters from the Bear and American River Basins.American couM be 1 to 20F lower if warmer

surface waters were not included in releases.
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Because summer temperatures often reach near or relating to timber harvest that contribute to
above 65°F, 1 to 2°F additional heating is , increasing fuel levels in watersheds.
significant. On rare occasions when water from
Lake Natomas spills from the spillways rather TARGET 2: Improve management practices in
than coming from the turbines, an even greater upper watersheds relating to road building and

of-the maintenance, and livestock grazing (OO).warmer surfacewaters from
lake can be released to the ri~er.

I>ROGRAMMATIC ACTION2A: Develop a water-
The upper watersheds of the American Basin have shed management plan to improve watershed
historically provided sufficiently cool water to management practices.
sustain    naturally    produced    rainbow
trom/steelhead through the summers. Protecting" RAlIONALE: Improved watershed processes will
and enhancing remaining cool water habitat is an maintain and restore seasonal, runoff patterns,
essential element of restoring steelhead to these water yield, and water quality and reduce
watersheds, sediment load to downstream storage reservoirs

(reducing storage capacity and improving water
To some degree, high water temperatures in quality). Healthier watersheds will also provide
summer and fall in the lower American River are ancillary benefits to upper watershed habitats and
natural; in part, they are a consequence of. species, and reduce the risks of wildfire that
impaired stream-channel configurations that do would be devastating to habitat, wildlife, and
not provide shaded side channels with cool public arM privateproperty.
groundwater flows. Coldwater releases from the
dams and improved channel habitats are needed ~,BITAT$
to provide adequate over-summer rearing habitat
for juvenile steelhead SEASONAL WETLAND H~BITAT

UPPER WATERSHED PROCESSES                          IMI~LEMENTATION "     OB,~CTIVE:                The

implementation objective for seasonal wetland
IMPLEMENTATION OBJECTIVE: The habitat as it pertains to the American Basin
implementation objective for upper watershedEcological Zone is to restore and manage, to the
health and function is to restore ecologicalextent possible, seasonal wetland habitats. Doing
processes in the upper watersheds to maintain andso would contribute to restoring and maintaining
improve the quality and quantity of water flowingplant and animal communities that depend upon
into the tributaries and rivers of the Sacramento-wetland habitats.
San Joaquin Delta and San Francisco Bay.

TARGET 1: Protect and enhance 5,150 acres of
TARGET 1: Reduce excessive fire fuel loads inseasona~ wetland habitat acreage in the American
the upper watersheds ofthe American Basin and...Basin consistent with the objectives of the Central ..
Ameriean River(O). Valley Habitat Joint Venture and the North

American Waterfowl Mangement (~).Plan
PROGRAMMATIC ACTION 1A: Remove excess
fuels including diseased trees, brush, and slashPROGRAMMATIC ACTION 1A: Protect 2,000 acres
that would contribute to unnaturally hot fires inof wetland habitat fee~g through acquisition
the watersheds, and perpetual conservation easements.

PROGRAMMATIC ACTION 1B: Improve forestry PROGRAMMATIC ACTION 1B: Enhance 3,150
managementpractices, including ’ practices acres of existing wetlands.
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RATIONALE,: Seasonal wetlandshabitatsinclude PROGRAMMATIC ACTION 1C: Plant riparian
rice fields and vernal pools, both of which are vegetation along water courses of the American
prevalent in the American Basin. Seasonal Basin.
wetland habitats provide unique micro habitat
conditions that are utilized by fish for spawning PROGRAMMATIC ACTION 1D: Reduce land use
and rearing, provide nesting and feeding habitat practices such as livestock grazing and watering
for waterfowl and wading birds, and provide along stream channels of the American Basin that
otters and other mammals with suitable mating, cause degradation of riparian habitat.
feeding, and rearing habitats. Wetland/slough []
habitats increase the overall complexity of the TARGET 2: Enhance shaded riverine aquatic I

aquatic environment, thereby supporting more habitat in American Basin creeks and drainage
diverse foodwebs and more diverse fish and canals and ditches and along the lower American ¯
wildlife communities. E.xpansion of seasonal River(~).
wetlands is important in the Central Valley and
American Basir~ because much of such habitat PROGRAMMATIC ACTION 2A: - Terminate or ¯
has been lost to land reclamation for agriculture modify current programs that remove woody
and urban development, debris from the river and creek channels.

RIPARIAN AND RIVERINE AQUATIC PROGRAMMATIC ACTION 2m Restore side-
HABITAT channels along the lower American River to

provide additional riparian corridors for         1
IMPLEMENTATION    OBJECTIVE:    The increasing fish and wildlife habitat.
implementation objective for riparian and riverine
aquatic habitats as it pertains to the lowerPROGRAMMATIC ACTION .2C: Improve levee
American River is to restore riparian scrub,management practices to protect and enhance ¯
woodland, and forest habitat in order to createriparian and SRA habitat.
corridors of riparian vegetation that will provide ¯
shaded riv.erine aquatic cover for anadromous andRAZ’IONA~I~: Marry species of wildlife, including
other fish species, and- to create high-qualityseveralspecies listed as threatened or endangered
habitat fo~’ associated special-status plant andunder the State and federal Endangered Species
animal species and other wildlife. Acts and several special-status plant species in 1

the Central Valley, are dependent on or closely
TARGET 1: Establish and/or maintain aassociated with riparian habitats. These habitats
sustainable continuous, sustainable corridor ofsupport a greater diversity of wildlife species than
riparian habitat along the lower American Riverall other habitat types in Californ~ Degradation
and Amedcan Basin creeks (4~). and loss of riparian habitat have substantially

reduced the habitat area available for associated ¯
PROGRAMMATIC ACTION 1A: Develop riparian wildlife species. In addition, loss of this habitat..
corridor restoration and management plans for thehas reduced water storage and has altered I
American Basin and lowerAmerican River.          nutrient cycling, anar foodweb support functions.

PROGRAMMATIC ACTION 1B: Protect riparian Controlled flows, lack of gravel recruitment,
habitat along water courses of the American stream-channel confinement by the floodcontrol
Basin. system, and remnant dredger tailings limit the

possible extent of a natural riparian corridor
along the lower American River. Constructing
arid, maintaining restored riparian habitats would
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improve the habitat needed by fish and wildlife RATIONALE: Corridors of habitat are necessary
dependent upon the river ecosystem between larger habitat areas to ensure potential

recovery of giant garter snake and other wildlife.
PERENNIAL GRASSLANDS

TARGET 2: Enhance 20,948 acres of private
IMI’LF_2VlENTATION OBJECTIVE: Increase the area agricultural to support nestingland better alld

of perennial grassland by restoring perennialwintering waterfowl consistent with the objectives
grasses while restoring floodplains and emergentof the Central Valley Habitat Joint Venture and
wetland to habitat conditions the North American Waterfowl Management Planprovidehigh-quality
for associated special-status plant and wildlife(4~).
species.

PROGRAMMATIC ACTION: Develop cooperative
TARGET 1: Restore perennial grasses in theprograms with farmers to conduct wildlife
American Basin ecological unit associated withfriendly practices.
existing or proposed wetlands (~).

RAtiONALlY: Wate~owl and wildlife using
PROGRAMMATIC ACTION 1A: Develop a wetlands and aquatic habitats depend on
cooperative program to restore perennialadjoining a~riculturaI largts for foragingand
grasslands by acquiring conservation easements orcover.
purchasing land from willing sellers.

STRESSORS
1GITIONALE: Restoring wetland, riparian, and
adjacent upland habitats in association with WATIi;RDIVERSIONS
aquatic habitats is an essential element of the
restoration strategy for this ecological zone. IMPLEMENTATION OBJECTIVE: The
Eliminating fragmentation . and restoring implementation objective is to reduce losses of
connectivity will enhance habitat conditions for juvenile fishes to entrainment at water diversions,
special-statusspecies, thereby increasing year-class survival and

population abundance to levels that contribute to
AGRICULTURAL LANDS the overall hdalth of the Delta and other beneficial

uses of land and water.
IMPLEMENTATION OBJECTIVE:     Restore
connectivity of grasslands, wetlands, andTARGET 1: Reduce losses ofjuve~ile salmon
agricultural lands in the American Basin toand steelhead in the lower American River and
support unimpeded moveraent of wildlife such asAmerican Basin creeks due to entrainment at
the giant garter snake, water intakes structures (4~4~).

TARGET 1: Restore and maintain migrationPROGRAMMATIC ACTION IA: uPgrade the fish "
corridors(4,), screens at the Fairbairn Water Treatment Plant to

comply with DFG and NMFS fish screening
PROGRAMMATIC ACTION: l~r~ chase land or criteria.
conservation easements from willing sellers on
which to restore wildlife habitat to connect 1B: Screen diversionsPROC;IO.MMATIC ACTIOr¢
existing grassland or agricultural wildlife habitat,from the NCC, NEMDC, Dry Creek, Coon Creek,

and Auburn Ravine that operate during times
when salmon and steelhead juveniles would be
present.
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RATIONALE: Diversion, storage, and release of to avoid impairing the reproductive capacity of
water directly affect fish, aquatic organisms, and the populations in relation to available habitat.
nutrient levels in the system and indirectly affect :
habitat, foodweb productivity, and the abundance TARGET 1: Develop harvest management
and distribution of species. Diversions cause strategies for Central Valley chinook salmon and
consumptive loss of water, nutrients, sediment, steelhead populations that allow populations of
and organisms juvenile anadromous fishes of naturally spawned fish to attain levels that fully
management concern. Hence, reducing such use existing and restored habitat (..~).
losses will contribute to increasing ~-nadromous
fish populations of the Central Vails_ ,~. PROGRAMMATIC ACI~ON 1A: Control illegal

harvest of chinook salmon and steelhead by
LEVEES) BRIDGES) AND BANK PROTECTION increasing enforcement efforts.

IMPLEMENTATION OBJECTIVE: The PROGRAMMATIC ACTION 1B: Develop harvest
implementationobjective f or levees, bridges, andmanagement plans for chinook salmon and
bank protection is to reestablish or reactivatesteelhead with commercial and recreational
natural landform processes along leveed channelfishery organizations, resour~, e management
reaches to allow for periodic inundation of theagencies, and other stakeholders to meet target
natural floodplain, escapement and production goals for the lower

American River and American Basin creeks..
TARGET 1: Reduce the adverse affect of levees
and bank protection on aquatic and terrestrialPROGRAMMATIC ACTION 1C: Evaluate the need
species and their habitats along the lowerto reduce sport harvest of lower American River
American River and American Basin canals andnaturally produced steelhead populations and
creeks (,~,). potential benefits of marking all hatchery-reared

fish and instituting selective harvest.
PROGRAMMATIC ACTION 1A: Identify iocations

thelower American River and American Basin PROGRAMMATIC ACTION lI~: Evaluate the
creeks and canals where existing revetments couldefficacy of a marking and selective harvest
be modified to incorporate habitat features such asprogram for lower American River chinook
scalloped embayments and associated hard points,salmon.
multi-stage bench areas, SRA habitat, and other
features to aid in preservation and/orRATIONAI~: Restoring and maintaining popula-
reestablishment of both berm and bank vegetation,tions of chinook salmon and, steelhead, and

American shad to levels that make full use of
RATIONALE: Ripri~p reduces the ability of habitat may require restrictions on harvest during
vegetation to colonize river banks and, thereby and after the recovery period. Involving the
reduces shading of river waters, decreases insect various stakeholder organizations in the planning
production and availability to fishes, reduces l~ocess should help to ensure a balanced and fair
habitat complexity and diversity, and reduces allocation of harvest. Target population levels
instream cover, may require that levels of harvest of naturally

produced fish be reduced For populations
HARVEST OF FISH AND WILDLIFE supplemented with hatchery-produced fish,

selective harvesting may be necessary to limit the
IMPLEMENTATION OBJ-ECTIVE: The harvest of wild fish while harvesting hatchery-
implementation objective for harvest is to regulateproduced fish at a level that will reduce their
harvest of fish and wildlife to the extent necessarypotential to disrupt the genetic integrity of wild

populations.
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ARTIFICIAL PROPAGATION OF FISH PROGRAMMATIC ACTION 3B: Develop a

.- collaborative program to coded-wire tag a
IMPLEMENTATION OBJECTIVE: The representative proportion of all fall-run chinook
implementation objective - for artificialsalmon produced at the Nimbus Hatchery fall-run
proPagation of fish is to reduce the potentiallychinook salmon.
adverse effects of stocking artificially produced
fish throughout Central Valley rivers and streams.P~ITIONALE:. In watersheds such as American
Reducing these effects would increase theBasin creeks and the American River where dams
survival of naturally produced fish, contribute toand habitat degradation, as well as extreme
long-term restoration goals, and maintain thenatural conditions have limited naua’alspawning,
genetic diversity of naturally reproducinghatchery supplementation may be necessary to

sustain fishery harvest at former levels and topopulationsof chinook salmonand steelhead.
populations. " maintain a ~ally spawning population during

droughts. Hatchery augmentation, however,
TARGET 1: Evaluate hatchery production andshould be limited to avoid inhibiting recovery and
stocking practices at the Nimbus and Feathermaintenance of wild populations. Hatchery-
River Hatcheries-that affect American Basinreared salmon and steelhead may directly
creeks and the lower American River to reducecompete with and prey on wild salmon and
the proportion of returning, hatchery-originsteelhead. Hatchery-reared fish may also.
chinook salmon and steelhead that stray into non-threaten the genetic integrity of wild stocks by
naml streams(~..), interbreeding with the wild fish. Although

irreversible contamination of the genetic integrity
PROGRAMMATIC ACTION 1A: Develop a of wiM stocks has occurred, additional protective
cooperative program to evaluate the benefits ofmeasures are necessary to minimize further
stocking hatchery-reared salmon and steelhead ingenetic degradation and recovery of wild stocks.
American Basin creeks and in the lower AmericanBecause of the extent of development on the
River. American River, stocking of chinook salmon and

steelhead may be necessary to rebuild and
TARGET 2: Limit hatchery stocking if maintain stocks to sustain sport and commercial
populations of salmon or steelhead can befisheries. Stocking salmon and steelhead may
sustained by natural production (~,). also be necessary on American Basin creeks to

build runs to self-sustaining levels and to
PROGRAMMATIC ACTION 2A:    Augment maintain the runs through adverse conditions
populations of fall-run chinook salmon andsuch as may occur during droughts.
steelhead ,only when alternative measures are
insufficient to permit natural recovery of theTraditional hatchery stocking programs are

detrimental to the stocks due topopulations. recol~eryof native
genetic dilution, straying diseases, increased

TARGET3: Minimize furtherthreatsofhatchery- angling pressure, and direct competition.
reared fish wild stocks of chinook Changes made to traditional hatchery procedurescontaminating
salmon and steelhead (~). can result in hatcheries becoming a tool to

. rebuild native stocks rather than one that
PROGRAMMATICACTION3A: Adoptmethodsfor degrades ther~ Decreasing the number of
selecting spawning adults for the hatcheryhatchery propagated fish in the Lower American
production from an appropriate cross section ofRiver may increase the opportunity for native
the returning adult population available to thestock recovery. However, clear restoration goals
hatchery, for the Lower Americanl River must be developed
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before the efficacy .of such an action can be measured against average levels measured
addressed, currently in order to ensure the restoration and

maintenance of healthy aquatic resources.
Potential changes at the Nimbus Fish Hatchery TARGET: Reduce the applieation of herbicides,
that could benefit the river’s native stock include: pesticides, fumigants, and other agents toxic to
(1) use of all available broodstock, including fish and wildlife on agricultural lands that have
grilse, to increase genetic diversity of propagated the greatest risk to fish and wildlife populations
fish. The practice of discarding broodstock under (~ ).
some minimum length simple reduced the genetic
diversity of hatchery propagated fish, and thus PROGRAMMATIC ACTION 1: Enter into
should be discontinue;. (2) The emphasis must be conservation easements with willing landowners
placed on quality, not necessarily the quantit~ of to modify agricultural practices in ways to reduce
hatchery production. This potentially means loads and concentrations of contaminants.
improving water quality and reducing densities of
fish to create conditions less likely to be PROGRAMMATIC ACTION2: Provide incentives
conducive to development and proliferation of to landowners to modify agricultural or other land
disease; (3) Nimbus Fish Hatchery should use practices that contribute to the input of
consider treating their effluent waters to further contaminants into waterways.
guard against the introduction of new diseases
which may impact native stocks. As recommended RATIONALE.: Reducing the inputs of contamincmts
in the Steelhead Restoration Plan for the lower into waterways from the lands with the greatest
American River, the Nimbus Fish Hatchery should inputs would provide significant improvement in
continue to improve and implement management water quality in streams and wetlands, as well as
practices by taking early migrant and late migrant the Sacramento River and Bay-Delta.
fish for spawn, ing~ and randomly selecting egg lots
that are to be raised to yearling size. SPECIES

operations and release strategies CmNOoK SALMON. nnualhatchery
presently include trucking chinook salmon sm_olts
to release sites in the western Delta. This IMPLEMENTATION OBJECTIVE: The
practice was .implemented due to the high loss of implementation objective for chinook salmon as
juvenile salmon released in the American River as it pertains to the American Basin Ecological Zone
they migrated down the Sacramento River and is to contribute to contribute to the restoration of
through the Delta. A long-term goal is,to reduce the lower American River and American Basin
the need to truck chinook salmon by increasing stocks of fall-run chinook salmon, thereby
their inland survival. This will accomplished by enhancing to support both sport and commercial
restoration actions proposed for the, American fisheries for this species.
River, Sacramento River, and Sacramento-San
Joaquin Delta Ecological Zones, and by TARGET 1: Maintain the average cohort
developing and constructing alternative water replacement rate of fall-run chinook salmon above
conveyance facilities in the Delta. 1.0 during the period that the s~ocks are rebuilding

and then maintain a replacement rate equal to or
CONTAMINANTS greater than 1.0 when the stocks reach population

restoration goals levels set by the regulatory
IMrLEMENTAT~ONOeJ~CTW~: Reduce loading, agencies (4,4,).
concentrations, and bioaccumulation, of
contaminants of concern in water, sediment, and
tissues offish and wildlife by 25 to 50 percent as
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PROGRAMMATIC ACTION 1A:    Restoration Marine Fisheries Service is required under the
actions developed for in the American Basinfederal ESA to develop and implement a recovery
Ecological Zone have been designed specificallyplan for the endangered winter-run chinook
to restore fall-run chinook and its habitat. Thissalmon and to restore the stock to levels that will
species will directly benefit from actions in thisallow its removal from the list of endangered
zone to improve or restore ecological processesspecies (NMFS 1996). The California Department
and functions which create and maintain habitatoffish and Game (DFG) is required under State
and by reducing stressors which adversely affect.legislation (the Salmon, Steelhead Trout and

habitats, and fall-run chinook salmon Anadromous Fisheries Program Act of 1988) toprocesses,
abundance directly.    (See implementationdouble the numbers of salmon that were present in
objective, targets, and programmatic actions thatthe Central Valley in 1988 (Reynolds et d. 1993).
address Central Valley stream flow and
temperature regimes; natural sediment supply;Each of the major, chinook salmon
and stream channel corridor, and riparian andrestoration/recovery programs has developed
riverine aquatic habitat). Additional specific gods for Central Valley chinook salmon
programmatic actions that will contribute to the.stocks. The ERPP embraces each of the
restoration of fail-run chinook salmon a~restoration/recoverygoals, and will contribute to
proposed for the Sacramento River, Sacramento-each agency’s program by restoring critical
San Joaquin Delta, and Suisun Marsh/North Sanecologicalprocesses, functions, and habitats, and
Francisco Bay. reducing or eliminating key stressors. ERPP’s

approach is to contribute to the managing and
l~rlONat, g: Because of their life-history restoring each stock with the god of attaining
requirements, typical of. all Pacific salmon, maintaining cohort replacement rates of much
Central Valley chinook salmon require high- greater than 1.0 while the individual stocks are
quality habitats for migration, holding, spawning, rebuilding to desired levels. When the stocks
egg incubation, emergence, rearing, and approach the desired population goals, "ERP~>will
emigration to the ocean. Important habitats contribute to maintaining a cohort replacement
required by this species are still present rate of 1.0.
throughout the Central Valley and are
successfully maintained, to varying degrees, by STEELHEAD
existing ecological processes. Even though the
quality cmd accessibility of the habitats have been IMPLEMENTATION OI~ECTIVE: Achieve
diminished by human-caused actions, these naturally spawning populations of sufficient size

can a comprehensive to support inland recreational fishing and fully useberestoredthrough
program that strives to restore or reactivate existing and restored habitat areas. Meeting this
ecological processes, functions, and habitat objective would contribute to meeting the overall
elements on a systematic basis, while reducing or richness and for the "species diversityobjectives
eliminating known sources~ofmortality and other Bay-Delta and its tributaries. It also would and
stressors that impair the survival of chinook reduce conflict between the need for steelhead
salmon, protection and other beneficial uses of water in

the Bay-Delta.
There are three major programs that havebeen
developed to restore chinook salmon populations TARGET 1: Maintain the average cohort
in the Central Valley. The Secretary of the replacement rate for steelhead trout above 1.0
Interior is required by the Central Valley Projea during the period that the stock is rebuilding and
Improvement Act (PL 102,575) to double the then maintain a replacement rate equal to or
naturalproduction of Central Valley anadromous greater, th~ 1.0 when the stock reaches
fish stocks by 2002 (USFWS 1995). The National
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population restoratic~n goals levels set by the smolting, age at spawning, river entry timing,
regulatory agencies (~)~

X~ROGRAMMATIC ACTION 1A: Actions in the Within the broad context of ecosystem restoration,
American Basin Ecological Zone have beensteelheadrestoration will include a wide variety
designed specifically to restore steelhead and itsof efforts, many of which are being implemented
habitat. This species will direetly benefit fromfor other ecological purposes or which are
actions in this zone to improve or restorenonspecific to steelhead trout. For example,
ecological processes and functions which createrestoration of riparian woodlands along the
and maintain habitat and by reducing stressorsSacramento River between Keswick Dam and
which adversely affect processes, habitats, andVerona will focus on natural stream meander,
steelhead directly.    (See implementationflow, and natural revegetation/successional
objective, targets, and programmatic actions that̄ processes. These will be extremely important in
address Central Valley streamflows; naturalproviding shadedriverineaquatichabitat, woody
sediment supply; stream channel corridor, ripariandebris, and other necessary habitats required by
and riverine aquatic habitat; dams, reservoirs,lower trophic organisms and juvenile and adult
weirs, and other human-made structures; andsteelheadpopulations.
gravel mining). Additional programmatic actions
that will contribute to the recovery of steelheadOperation of the water storage and conveyance
are proposed for the Sacramento River,systems throughout the Central Valley for their
Sacramento-San Joaquin Delta, Suisunpotential ecological benefits can be one of the
Marsh/North San Francisco Bay, Butte Basin,more important elements in restoring a wide
Feather/Sutter Basin, and Yolo Basin Ecologicalspectrum of ecological resources, including
Zones. . steelhead trout.

TARGET 2: Increase the range of steelhead within AlVmRICA!~ SrlAO
the American River andAmerican Basin
watersheds (~). IMI’LEMENTATION OI~IVE: The

implementation objective for American shad as it
I>ROGRAMMATIC ACTION 2A: Conduct a pertains tothe American Basin Ecological Zone is
collaborative feasibility analysis of the potentialto contribute to restoring naturally spawning
benefits and constraints of introducing st~lhead populations of American shad that support sport
into the American River above Folsom Dam andfisheries similar to levels observed in the 1960s
into the upper watersheds of American Basin and 1970s, to contribute to the recreational use of
creeks that may not now have sustainablethe Bay-Delta.
populations of steelhead.

TARGET: Contribute to maintaining a 2S-year
RArlON, tt2r: The National Marine Fisheries average index of abundance equal to the 1967-
Service (NMFS) has identified steelhead 1991 fall, mid-water trawl index in the Bay-Delta
populations in the Central Valley as composing a (4)4)).
single evolutionary significant unit (ESU) based
on a variety of physical and biological data,. PROGRAMMATIC ACTION: American shad will
including the physical environment (geology, soil benefit from the overall integration of
type, air temperature, precipitation, riverflow programmatic actions proposed for the American
patterns, water temperature, and vegetation); Basin Ecological Zone. Other programmatic
biogeography (marine, estuarine, and freshwater actions that will benefit American shad are
fish distributions); and life history traits (age at proposed for the Sacramento-San Joaquin Delta,

Sacramento River, Feather River\Sutter Basin,
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and Suisun Marsh/North San Francisco Bayforaging and riparian nesting habitat available for
Ecological Zones. ~ Swainson’s hawk in the American Basin (4,4,).

I~4TIONALE: Although American shad is an I~ROGRAMMATICACTIONS: Restomtion acfions
introduced species, it supports a seasonal and pertaining to riparian, agricultural, and upland

the shad habitat restoration for the Americanpopularsport fisheryduring spawning developed
migration (i.e., mi-April through mid-July). Basin Ecological Unit have been designed
Maintaining stream flows in the lower American specifically to restore Swainson’s hawk and its
River consistent with AFRP flow objectives during habitat.
May and June would contribute to sustaining the
American shad fishery in the lower American RATIONarF.: Because of their life-history
River. requirements, Swainson’s hawks require a

combination of riparian and uplartd habitat types.
GIANT GARTERSNAKE Pasture lands and upland habitats provide

foraging habitat for Swainson "s hawks nesting in
IMPLEMENTATION OBJECTIVE: The riparian forests along the Sacramento River along
implementation objective for giant garter snake isthe western edge of the American Basin.
to increase populations sufficiently to contributeReestablishment of riparian forests in the
to the recovery of the species and its eventualfloodplain of the American Basin creeks will
delisting, provide addi~onal nesting habitat for the

Swainson "s hawk.
TARGET 1: Increase the habitat available for giant
garter snake in the American Basin (4,4,). REFERENCES USED TO

PROGRAMMATIC ACTIONS: Restoration action.,; THE FOR THEDEVELOP VISION
pertaining to wetland, riparian, agricultural, and AMERICAN RIVER BASIN
upland habitat restoration developed for the
American. Basin Ecological Unit have been ECOLOGICAL ZONE
designed specifically to restore giant garter snake
and its habitat. California Department offish and Game. 1993.

Restoring Central Valley streams: fora plan
RAI"ION~t.F.: Because of their life-history action. November1993.
requirements, giant garter snakes require a
combination seasonal wetland and . 1990. Central Valley Salmon andof uplar~d
habitat types. The American Basin rice growing Steelhead Restoration and Enhancement Plan.
areas have the potential for supporting significant April 1990. 115 pp.
populations of giant garter snake.

California State Lands Commission. 1993.
SWAINSON’S HAWK California’s Rivers: A Public Trust Report.

334 pp.

IMPLEMENTATION    OBJECTIVE:    The
implementation objective for Swainson’s hawk isCentral Valley Habitat Joint Venture. 1990.

to increase populations sufficiently to contribute Central Valley Habitat Joint Venture

to the recovery of the species and its eventual Implementation Plan, a component of the

delisting. North American Waterfowl Management
~ Plan. February 1990.

TARGET 1: Increase the upland and agricultural

~ ~
Volume II: F~osy~tem Restoration Program Plan

agt4~ American River’Basin Ecological Zone
Dra~: March 1998

315

C--006937
C-006937



Clark, G.H. 1929. Sacramento-San Joaquin Wixom, L.H., J. Pisciotto, and C. Lake. 1995.
salmon (Oncorhynchus tshawytscha) fist’,~:y Final report for the Sacramento River system
of California.Division of Fish and Game of sport fish catch. Department of Fish and
California. Fish Bulletin No. 17; Game. June 30, 1995.76 pp.

Hallock. ILL 1987. Sacramento River system
salmon and steelhead problems and
enhancement opportunities, a report to the
California Advisory Committee on salmon
and steelhead. June 22, 1987. 92 pp,

McEwan. D. And J. Nelson. 1991. Steelhead
restoration plan for the American River.
Department offish and Game. 40 pp.

M~Ewan, D. and T.A. Jackson. 1996. Steelhead
restoration and management plan for
California. Department of Fish and Game.
February 1996. 234 pp.

The Nature Conservancy. 1995. Sacramento
Valley and Foothill Bioregion biological
seoping project. August 1995.

-San Francisco Estuary Project. 1993.
Comprehensive    Conservation    and
Management Plan. June 1993.235 pp.

U.$. Fish and Wildlife Service and California
Department offish and Game. 1953. A plan
for the protection and maintenance of salmon
and steelhead in the American River,
California, together with recommendations
for actions.

U.~, Fish and Wildlife Service. 1997. Revised
dra~ anadromous Fish Restoration Plan: a                .,,..
plan to increase natural production of
anadromons fish in the Central Valley of
California. May 30, 1997.

Vyvei’berg, K., B. Snider, and R.G. Titus. 1997.
Lower American River chinook salmon
~pawning habitat evaluation. Depa,~ment of
~’ish and Game. October 1994. ~: pp and
appendices.

- I
~ ~’~r~a

Folume 11: £cosystera Restoration Program Plan
Ameri~m River Basin £,eological Zane

~1~ ~ Draft: March 1998
316

" I

C--006938
(3-006938



I
YOLO BASIN ECOLOGICAL ZONE

INTRODUCTION

I The health of the Sacramento-San Joaquin Delta
depends on the health of its distinct watersheds.

I As with watersheds throughout California,
ecological processes within the Yolo Basin
Ecological Zone have been disrupted during the

i past century. Due to tenuous hydrological
connections, this zone has historicaJly made only
marginal contributions to anadromous fish

i populations. As a result, the major focus in this
zone is to increase the health of its important
ecological processes, habitats, and fish, wildlife, ¯
and plant populations and make substantialI contributions to the health of the Delta.

The Yolo Basin Ecological Zone provides diverse      Portions of the Yolo Basin Ecological Zone areI habitats for a wide variety of fish, wildlife, and
plant communities, primarily native resident

extensively developed for urban and agricultural
land uses. The basin includes the cities of

(nonmigratory) fish, riparian communities,Vacaville, West Sacramento, Woodland, Winters,
I and Davis. It also includes the noPdaem end of theseasonallyand permanentlyfloodedwetlands,

¯ wildlife, and waterfowl and occasionally fall-run Yolo Bypass at the mouth of Cache Creek,
chinook salmon, and possibly steelhead trout. Thebetween the Fremont weir and Interstate 80, andI portion of the Yolo Bypass north of the Interstate

the Sacramento between the SacramentoBypass
80 causeway is included in this zone and is an.
important migratory route during wet years for

River and the Yolo Bypass.

I downstream migrant chinook salmon, steelhead,
and other native and anadromous originating from

The Caebe Creek Ecological Unit, at the northern
end of the Yolo "Basin Ecological Zone,

up stream areas. When flooded, the Yolo Bypassencompasses the lowervalley watershed of Cache

i provides valuable spawning habitat for native
Creek (downstream of Capay Dam near Esparto)resident fish, including splittail. and the northern end of the Yolo Bypass. -The

DESCRIPTION OF THE ZONE      ~utah Creek Ecological Unit is in the central

I portion of the zone, encompassing the Putah
Creek watershed downstream of Monticello Dam

The Yolo Basin Ecological Zone (Figure 15) (near Winters). The Solano Ecological Unit

I encompasses the southwest portion of theincludes the nontidal watershed of the Cache-
Sacramento Valley adjacent to the Delta. ItLindsey Slough complex of the North Delta
includes the following ecological units: Ecological Unit and the Montezuma Hills.

l i
¯ Cache Creek Important ecological processes within the Yolo
¯ Putah Creek Basin Ecological Zone include streamflow, stream

I ¯ Solano ~ erosion, and natural sediment supply. The most
¯ Willow Slough valuable habitats axe riparian and riverine aquatic.

Although restoration efforts within the ecological
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units have improved portions of the riparian̄ insufficient available flow to maintain a
corridors, many specific improvements are needed continuous riparian corridor,
to more fully restore ecological health throughout

¯ mercury contamination from natural and
the entire ecological zone. The greatest needs are previously mined sources that is taken upto maintain processes more closely linked to the

through the aquatic food chain, andnatural streamflow regime and to restore
connectivity to the Yolo Basin and Delta.¯ poor quality agricultural tailwater entering the
Developing additional sources of water to Yolo Bypass canals and sloughs.
improve low flow conditions and restoring
riparian and stream channel corridors willThe prevalence of non-native plant species (e.g.,
improve the ecological health of the lower .basintamarisk, giant reed, eucalyptus, and water
watersheds.Restoring upper watersheds by hyacinth) is a major factor limiting the quality and
reducing forest fuels, improving oak woodland,extent of riparian and dverine aquatic habitats,
forest, and rangeland management, and reducingespecially in areas adversely affected by past
sources of bioavailable mercury will help ensuregravel mining, flood scour, and low streamflow.
that a clean water supply is available in the basin.

DESCRIPTIONS OF ECOLOGICAL
Historically, fall-run chinook salmon, steelh~ad UNITStrout, many native resident fish species,
waterfowl, shorebirds and wading birds, and
riparian wildlife were abundant in areas within the CACHE CREEK ECOLOGICAL UNIT
basin, ’Agricultural and urban development,.
recreation, infrastructure, mining, and floodCache Creek has a watershed of about 1,300
control projects have eliminated much of the fishsquare miles and flows out of the coastal

and wildlife habitat. Salmon and steelheadmountains to enter the Sacramento Valley floor

migrations within the creeks have historicallynear Esparto. Cache Creek enters the Yolo Bypass
been limited to high flood events, when there wasat Cache Creek settling basin (a reclaimed t-ale

connectivity to the Delta~ Opportunities to restoremarsh-seasonal lake area) and then flows south
these anadromous fish populations continue to beinto the Delta through the Conway Canal, Tale

limited. Canal, lower Cache Creek and other small sloughs
in the bypass. Most of the flow is diverted in the

Important habitats within the Yolo Basinspring and summer for irdgation. High winter and

Ecological Zone include stream and sloughearly spring flows move south through the flooded
Yolo Bypass or connecting sloughs to enter thechannelsfor fish migr~on and holding,

spawning, and nursery habitats. SeasonallyDelta through Cache Slough which then flows to

flooded wetlands a~e prevalent throughout thethe Sacramento giver north of Pale Vista.

lowerbasin, and these are important habitat areas
for waterfowl shorebird, and wading bird guilds.Cache Creek drains the Clear Lake, North Fork,

Riparian corridors along basin crveks and sloughsand Bear Creek basins on the east side of the

are important habitat areas and migrationCoast Ranges. The water levels at Clear Lake and

corridors for wildlife and wateffowl~ Indian Valley Reservoir are regulated for
downstream irrigation diversions with a dam and

Notable stressors to ecological functions,gates constructed in 1915 and 1978, respectively.

processes, habitats, and species in this ecologicalA powerhouse was added in 1985. The watershed

zone are: upstream of Clear Lake is about 530 square miles,
and the usable storage is about 300,000 acre-feet.

B water diversions and past gravel mining in the      Downstream of Clear Lake Dam is the 30-mile
streams, Cache Creek Canyon. The North Fork Cache

~ ~c~axt,
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!
Creek meets Cache Creek 8 miles downstream ofsummer and fall months. In dry years, average
Clear Lake Dam and is regulated by Indian Valleymonthly, winter flows peaked at 30 to 100 cfs.I Dam, upstream Cree~ Unimpaired flows during dry years arelocated8 miles of Cache March

’ with a watershed of 120 square miles and areduced from an average of 650 to 60 efs by
capacity of 300,000 acre-feet. Cache Creek entersdiversions. Unimpaired flows during May are

I the valley floodplain at Capay Dam near Esparto,reduced from 260 to 0 cfs. In normal rainfall
18 miles upstream of the mouth, years, May flows are reduced from 590 to 10 efs.

Because of barriers, fall-run ehinooksalmon and

I No minimum flow requirements have been set forsteelhead are believed to have migrated up
Cache Creek below Capay Dam. In some placesCache Creek and only on an infrequent basis.
between Capay Dam and the Yolo Bypass,. theAnecdotal historic evidence suggests that in wet

I creek flows through areas where gravel miningyears, when flows in Yolo Bypass and Cache
has recently occurred, but which have not yet hadCreek are high, some fish may have reached the
time to recover naturally. In other areas, deepspawning gravels of lower Cache Creek from the

I gravel deposits and low water tables inhibit theDelta. In dry years, no passable connection exists
.establishment of a sustained low-flow eharmel,for salmon and steelhead between the Delta and
Another major barrier to upstream fish migrationthe mouth of Caebe Creek. Fish passage may also

I is the recently enlarged outlet spillway of theimpaired at the Cache Creek Settling basin
Cache Creek Settling Basin. Levees confine thespillway and headworks.
stream eharmel in the lower 8 miles of Cache

I Creek. These levees define a wide basin at the
lower end and act as a sediment trap to preserve Historical Monthly Average Flow

the flood capacity of the Yolo Bypass, The levees

i were raised 12 feet in 1993 to pro~’ide an
additional 50 years of sediment capacity. Flows

I
near the town of Yolo are very low during
summer and fall of most years, however Cache
Creek has a flashy but intermittent natural
hydrograph.

CacheCreekhasa naturalflow of
winter, moderate spring, and low summer-fall
flows, typical of many western Sacramento Valley             []

I streams that originate from chaparral and oakCa~eCr~kSmmraflowfromUpl~rBasinatRmm~, 1962-
studded foothills rather than higher mow-laden 1992 ~ year is t~= 20th pcr~til= year, ~onmi year is the

50th percentile of median year.)-
mountains. Portions of the stream are dry during

I summer and fall months, except for small sections
upstream of Woodland receiving groundwater.Potentially, juvenile salmon and steelhead.~,...
Inflows .to .the lower basin at Rumsey in wettest:~rodueed in wetter years may be lost during the

I years have averaged 5,000 to 10,000 cubic feetspring when Yolo Bypass flows cease .and
per second (cfs) in winter months and 300 to 700juvenile salmon become trapped in the creek or
efs in summer months. There was a flood peak ofponds and dead-end sloughs of the Yolo Bypass

I ! 58,000 cfs in 1995. In drie~years, flows may be and settling basin. In years when. Cache Creek
near 0 efs the entire year. flows are high enough in winter or spring, some

juvenile salmon and steelhead can migrate

I Low flows are further reduced by year-round downstream to the Delta through the flooded
diversions. The stream in the valley floorbypass or the network of agricultural drains
downstream of Capay Dam is often dry duringcrossing the Yolo Bypass to Tule Canal.
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1

Numerous studies performed by both state and is not conducive to supporting a continuous, year-
federal agencies indicate that Cache Creek~ round stream. The need to maintain the flood 1
transports significant amounts of mercury into thecontrol capacity of the river floodplain and the
Delta. The mercury is often associated withYolo Bypass restrict the feasibility of creating a
suspended sediment loads that occur during highnatural riparian system in the lower creek. Most ¯
flow events, when Cache Creek is hydrologicallyimportant of all, the high levels of mercury 1
connected to the Yolo Bypass. A powerful. contamination measured in the creek are a direct
neurotoxin, mercury can cause developmentaland significant threat to the health of the species.
damage in both wildlife and humans. MoreUntil such time as the source of the mercury is 1importantly, mercury bioaccumulates through theidentified and the contamination remediated,
food chain, affecting not on!y aquatic organismsCache Creek should not be considered as healthy
but higher order species that feed upon them. habitat for many aquatic species.

I

Improving streamflows, gravel spawning, andSupporting the involvement of local citizens and
riparian habitats ~ and providing permanentinterested parties in existing organizations such as 1
connections between the mouth-of the creek andthe Cache Creek Conservancy and Cache Creek I

the Delta would only marginally help to increaseStakeholders Group would help to restore and
steelhead trout and fall-run chinook salmonmaintain CaChe Creek. Similarly, developing and l
populations. Although Cache Creek can makeimplementing a comprehensive watershed
minor contributions to fall-run chinook salmonmanagement plan as required under the Cache
popul.ations in some years, signifi .cant resourcesCreek Resource Management Plan (approved in l
would be required to provide the necessary1996 by Yolo County as aregulatory and planning
holding, spawning, rearing, and migration habitat,document to maintain flood control capacity,
These resources would be better employedreduce bank erosion in the channel, and preserve l
improving anadromous~ fish populations inand restore the riparian corridor) could facilitate
watersheds where there is a greater likelihood ofrestoring and maintaining Cache Creek. Upper
success, watershed health can also be improved by ¯

reducing forest fuels and implementing other
The riparian corridor, must be improvedwatershed improvement practices to protect
significantly in several areas; some areas havestreamflows, stream channels, and riparian habitat 1
been denuded and will require a more intensiveand minimize sediment input to the stream. 1
revegetation effort. This has been aided by the
elimination of commercial instream gravel miningRiparian habitat can be restored by providing 1
in the creekbed under Yolo County’s new Cacheadequate streamflows when available, protecting |Creek Area Plan, with all new mine permitsthe natural sediment supply, promoting "the
restricted to offchannel sites. In addition, severalconservation and expansion of the active
replanting projects by non-profit organizationsfloodplain, and protecting shorelines fi’om 1
and government agencies are currently underway,livestock .grazing upstream of Capay Dam. 1

Recent proposals to create off-channel storage.Planting vegetation or regrading the disturbed
1

facilities using water conveyed from Cache Creekchannel and floodplain will hasten and sustain I
in winter and spring would also permit rechargerecovery in some areas. Major efforts are required
of groundwater resources that may improve theto control or eradicate tamarisk and giant reed
survivability of vegetation during low-flowinfestations which interfere with natural 1
seasons, vegetation succession by native tree species.

There are several factors that combine to ¯
constrain efforts to establish salmon and steelbead
habitat. The natural geomorphology of the stream
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!
PtrrAH CREEK ECOLOGICAL UNIT

~ Historical Monthly Average Flow
l~tah Creek has a watershed of about 710 square
miles and flows out of the coastal mountains to

I enter the Sacramento Valley floor near Winters.
Putah Creek flows into the Yolo Bypass at the
Putah Creek sinks (a historical tule marsh-lake

i area). In most wet years, the creek flows to the
Yolo Bypass and then flows south through Tule
Canal to the Sacramento River. Monticello Dam

i (constructed in 1956) forms Lake Berryessa from
Putah Creek on the east side of the coastal range.
Below Monticello Dam, the creek flows into

J F M A M J J A s o N DSolano Lake, formed by the Solano DiversionI (constructed-in 1959). Below Solano            [] NormalYear [] DryYearDam
Diversion Dam, the creek flows east through

Putah Cr~k Str~nflow b~low Monticello Dam, 1961-1991 (Dry
Winters and Davis.                                year is th= 20th pcreemii¢ year, normal years if the 50th pcmcntileI y~a’.or year.)
Most of Putah Creek’s flow below Monticello
Dam originates from Lake Berryessa, which hasyears, but only 4 to 20 efs in driest years.

I an average outflow of approximately 350 cfs.
Unimpaired flows into the Lake Berryess~ .Solano Diversion Dam is a barrier to salmon and
watershed formerly peaked in winter. In wetteststeelhead migrating upstream. Few fall-rnn

I years, winter flows averaged 4,000 to 9,000 cfs.chinook salmon and steelhead are believed to
Lowest flows occur in summer and fall. In driestmigrate up Putah ~Creek (the most recent
years, flows in winter months averaged only 20 toobservation was fall-run chinook adults observed

I 70 cfs. In wetter years, summer and early fallin December 1997). In dry years, no viable
flows averaged 20 to 100 cfs. connection exists between the Delta and Putah

Creek for salmon and steelhead. In wet years,

I The natural flow pattern has been altered by waterwhen Yolo Bypass and Putah Creek flows are
storage in Lake Betryessa and spring through fallhigh, fish can reach spawning gravels in lower
irrigation releases. Flows from Monticello DamPutah Creek from the Delta. Significant losses of

i are high in summer and low in winter in all butjuveniles can occur in spring if low flows or
the wettest years. Wet-year spillage flows stillbarriers limit connections in the Yolo Bypass, or
average 4,000 to 8,000 cfs in winter;, however, in in wet years when Yolo Bypass floodflows recede

i normal and dry years, winter flows are generallyand juvenile salmon become trapped in seasonal
less than 100 cfs. Even in the driest years~ponds, disconnected canals, and sloughs in the
irrigation relea~ses from late spring to early fall are, bypass, If Putah Creek flows are high enough in
200 to 400 cfs above Solano Dam but near zerowinter or spring, some juvenile salmon andI dam. can migrate through thebelowthediversion steelhead downsl~.am

Delta through canals along the east side of the
The largest di~;ersion is the Putah South CanalYolo Bypass.I. diversion at Solano Diversion this and otherDam;
irrigation diversions reduce flows to very lowNative fish species, such as hitch, squawflsla, and
levels in all but wet years and in all months,suckers, are an important component of the Putah

I Flows near Davis are low during summer and Creek Watershed and are a primary foetus forvery
fall of most years, generally 0 to 60 cfs. Spillagemanagement and restoration efforts. Native fish
flows reach 4,000 to 7,000 efs in the winter of wet population are very low in lower Putah Creek
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disasters large, rapid(i.e., pesticide spills;
releases from LakeU him paired Monthly Average Flow ~ sediment Solano, etc.);

environmental and predation.factors; angling;
thatHabitat conditions promote successful

1200 reproduction, growth survival of young fish,

1000 and the growth and survival of adult fish are

~ a00
essential (Trihey & Associates 1996)~

-~ 600 Improving streamflow, spawning gravel, and
~. 400 riparian habitats and providing permanent

connections between the mouth of the creek and
200

the Delta will increase opportunities for steelhead
0 trout and fall-run chinook salmon to use Putah

J F ~ "A ~ J J ~ S 0 N D Creek.Putah Creek can make minor contributions

~ [] Normal Year [] Dry Year
to fall-run chinook salmon, and steeIhead
populations if adequate holding, spawning,

~ ?~.:mh Creek Unimpaired Streamflow at Lake Bcmye~sa, 1961- rearing, and migration habitat are provided.
~9~ (Dry y~r is the 20th pc~-c~tile y~ar, normal year is the 50th

pcxecmile ormeAian y~ar.) Adequate streamflows are important to maintain
and restore the connections between upstream
spawning and nursery areas with the Delta.

except for the two-mile reach immediately below
Solano Diversion Dam. The length of this reach isActions to restore and improve conditions for
insufficient to insure the long-term viability of thechinook salmon and steelhead are more likely to
native fish assemblage and a goal is to restoresucceed during years of normal to above-normal
these native fishes to a stat el"good condition",rainfall. Supplementing flows from Monticello
Good conditions means that fish of all ages areDana (Lake Berryessa) through the Solano
present in sufficient numbers over a large enoughDiversion Dam during critical migration periods
habitat area to afford the population the ability towould help maintain and improve flows.

the Yolo Bypass sloughs, either from the Colusa
basin drain through the Knights Landing Ridge
Cut Canal or the Sacramento River through the

Historioal Monthly Average Flow Fremont weir near Verona, would provide the

_~/ i ~11 ’

theneeessaryfl°wsindrieryearst° let fish pass frOmcreek mouth to the Delta.                 The goal is to
400 adequate flows for3s0 ~ ’    I |

~ provide adult salmon

soo~ ’ ~ ~,~

migration in fall, fry rearing in winter, and spring

~2S0    ’
juvenile outmigration in all but the driest years.

;200 ~ ’ | ~ I.II l~[inimum flows in upstream summer rearing

o~S0-~ ’ I I I I! areas below Solano Diversion Dam would be
" II I1 -_ _  u edtosum the tee h populadon.

~[ ~ ~ ~ ~ ~ ~.~~,...~...~r...a Inadequate spawning gravel may be a significant
0 I t I 1 I t t’"" ~ t i ~

J F M A U J J A $ 0 N D factor limiting salmon and steeLhead production,
-especially in the upper reach below Solano

~ Normal Year [] D~/Year Diversion Dam. Existing gravel sources should be

r=~ Cr=~ sn=am~ow n=ar ~ravis, ~96~-]97~, ]973-]975, a~d protected, and the natural supply should be added
197S-1984 (Dry y~r is the 20th percentile year, normal y~ar is the tO the creek where and when necessary. Past

50th percentile or m~dian year.)

!~_ CAZl~
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gravel mining operations along the streaminterfere with natural vegetation succession by
channel, floodway clearing~ and grading and banknative tree species. These efforts will involve
protection in the floodplain and along Dry Creek coordination with the local jurisdictions (Yolo
(a major source of grave! to Putah. Creek County and the cities of Winters and Davis),
downstream of Solano Diversion Dam) may alsoUniversity of California (tiC) Davis, the U.S.
inhibit gravel recruitment downstream. This reachBureau of Reclamation (Reclamation), Solano
offers excellent habikat for oversummer rearing ofCounty Water Agency, Putah Creek Landowners
juvenile steelhead when flows and waterAssociation, and the Putah Creek Council.
temperatures areadequate.

Adequate screening systems are needed on the
The riparian corridor condition must be improvedPutah South Canal diversion if fish passage is to
significantly in several areas. Some areas havebe provided along Solano Diversion Dam. Small,
been denuded and will require a more intensiveunscreened diversions in Putah Creek need to be
revegetation effort. Gravel mining operations inscreened to protect juvenile fish..
the creekbed were discontinued in the 1960s, but
the-major gravel and sediment source for theProviding fish passage at Solano Diversion Dam
lower creek was eliminated by the eonstrueti0n ofwould allow salmon and steelhead passage into
Solano and Monticello Dams. the cold tailwaters of Monticello Dam. The

interdam reach~several miles of high-quality
Developing and implementing a comprehensiveriparian and shaded riverine aquatic (SRA)
watershed management plan for both the upperhabitat--currently supports a native and stocked
and lower watersheds, and implementing thetrout fishery. With appropriate spawning gravels,
lower Putah Creek management recommendationsthe 12-mile reach between Solano Diversion Dam
prepared in 1994 I~ the U.S. Fish and Wildlife and Monticello Dam could provide good
Service (USFWS) and the Lower Putah Creek spawning and rearing habitat for salmon and
Coordinating Committee, would facilitate steelhead. This reach offers excellent habitat for
restoration and maintenance of Putah Creek.oversummerrearing ofjuvenilesteelhead.
Above Lake Berryessa, .upper watershed health
should be improved by reducing forest fuels and SOLANO ECOLOGICAL UNIT
the opportunity for catastrophic wildfire and
implementing other watershed improvementThe southern portion of the Yolo Basin Ecological
practices to protect streamflows, stream channels,Zone is the Solano Ecological Unit. This unit
and riparian habitat and minimize sediment inputencompasses small watersheds above the tidal

stream, lake, efforts Delta, south of Putah Creek and east to the Delta.the Belowtbe shouldfocus
on protecting riparian habitat, providing adequateMost of this area is within the Cache Slough and
gravel spawning areas for salmon and steelhead,Lindsey Slough watersheds. The unit also
and improving stream channel conditions, includes the Montezuma whichHills, notpart

of the Delta as it is legally defined,
Riparian habitat can be restored or enhanced by
providing adequate floodplains along the channelAlthough salmon and st~lbead are rarely found in
and protecting shorelines from grading, bankthis unit, native resident fish do occupy creel~ and
fillin$ and native vegetation removal to expandsloughs. Riparian corridors of these creeks and
orchards or urban and industrial, facilities,sloughs support vegetation, waterfowl, and
Planting vegetation or regrading the disturbedwildlife. Upland habitats include vernal pools,
channel and floodplain will hasten and sustainvalley oak woodlands, and grasslands. Scattered
recovery in certain areas. Major efforts are areas of seasonal and perennial wetlands and
required to control or eradicate eucalyptusaquatic habitat exist throughout the unit.
tamarisk and giant reed infestations, which
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Many Of the vernal pools within this ecologicalAgriculture is the primary economic enterprise
unit are in a degraded condition due to land usethroughout the watershed. Crops include lowland
practices (e.g., discing and cultivation) and couldacres of alfalfa, irrigated row crops, and orchards.
be improved. The potential for restoring nativeDryland grains and rangeland grazing characterize
perennial bunchgrass is high; as well as isthe upland hills. The lower irrigated croplands is
restoring some of the rare vernal pool plantmade up of highly productive deep alluvial soil as
species, well as heavier clay and alkali soils. The latter is

generally used for rice production. Intensive
SLOUGH ECOLOGICAL UNIT "clean" agricultural practices in the watershedWILLOW

have had significant negative impacts on riparian
Willow Slough Ecological Unit is comprised ofsystem, wetlands, upland wildlife habitat, water
approximately131,000 of productive quality, and flooding. A change in landacres
farmland. The watershed is bounded andstewardship practices can correct the negative
intersected by half a dozen natural riparianimpacts while maintaining, and in some cases,
waterways, supporting an extensive irrigation andimproving the agricultural’s economic base.
dr~aage system. Winter runoff form the Vaca
foothills to the wet enters this series of tributariesThe highest elevations of the watershed consist of
to terminate in the Yolo Bypass. Even duringchaparral and blue oak woodlands. Most of the
years of normal rainfall some downstream areashabitat is in relatively good condition, although
flood and larger events have involved parts of theheavy grazing pressure impacts the grasslands and
cities of Davis and Winters. Very little winter riparian areas, especially in the lower reaches. The
water is held back or captured in the naturallower foothills are mixed blue oak woodlands and
systems. Summer use links the natural systemgrassland or dryland grain areas. Much of this
with Cache Creek diversions and the Yolo County acreage is enrolled in the federal Conservation
Flood Control and Water Conservations Districts Reserve Prograra (CRP) and consists of non-
(FCD) canal system to deliver irrigation water andnative annual grasses and forbs.
remove related drainage flows.

Historically, the waterways across the county
No major surface water impoundments existwere rich and biologically diverse because oftheir
within the watershed. The creeks have historicallysystem of interconnected streams, wetlands, and
been managed by farmers and the FCD to removedry uplands. Some narrow remuants of these
water as quickly as possible. As a result, there issystems can still be found but most have been
frequent downstream flooding, enormousremoved as part of agricultural practices. Much of
movement of sediment, and lost riparian habitat,what remains is of a weedy nature, and is not
wildlife populations, and biodiversity. A compatible with adjacent agriculture, and requires
consequence of traditional farming practices hascontinuous maintenance.
been the elimination of functioning seasonal
wetlands and loss or degradation of riparian Where areas of natural sloughs remain, seasonal
systems. These systems historically transported ~flows support riparian vegetation consisting of
anadromous species such as chinook salmonandvalley oak, foothill pine, some willows, toyon,
steelhead in years when there was adequatebuckeye, wild rose, elderberry, and other
streamflow. As recently as 1986, and adultassociated species. Many wildlife species use
steelhead was found in Willow Slough. Oncethese corridors including deer, quail, raptors, gray
health natural streamways are now barren orfox, and tree squirrels. The large trees provide
invaded by exotic plant species that contaminateimportant nesting .sites for the endangered
fieI~L~.- and roadsides requiring high maintenanceSwainson’s hawk and other species. Thickets of
and chemical use with little ultimate control, elderberry, rose, button willow, mulefat, sedges,

rushes, and grasses provide important food, cover,

Volume H: Ecosystem Restoration Program Plan
~-I~xA Yolo Basin EcologicaI Zone Vision

~l~ ~ Draft: March 1998
324

C--O 0 6 9 4 6----    ~
(3-006946



and migration corridors of many species. IntactPopulations of native resident fish, including
riparian systems also provide important bio-Sacramento splittail and delta smelt, may be

enhanced conditions in thesefiltering of runoff waters. By trapping sediments by improving
and chemicals, water quality improves inhabitats.
downstream aquatic systems of the Yolo Bypass
and Sacramento River. WILLOW SLOUGH ECOLOGICAL UNIT

VISION FOR THE ECOLOGICAL The vision for the Willow Slough Ecological Unit
is to natural andintegrateagriculture, habitats,

ZONE Urban development in a manner to support

The vision for the Yolo Basin Zone is
ecological health.

Ecological
to protect natural ecological processes and VISIONS FORF, COLOGICAL
habitats to a sufficiently healthy condition to

PROCESSESsupport native resident fish populations in basin
watersheds. The overall vision also includes
visions for ecological processes, habitats, species, CENTRAL VALLEY STREAMFLOW
stressors, and the ecological units. .

Strearnflows shape channels, support riparian
VISIONS FOR ECOLOGICAL UNITS vegetation, and provide habitat for fish and other

aquatic species. Streamflows also transport
CACHE CREEK ECoLoGIcAL UNIT sediments, nutrients, and juvenile fish. The vision

is that streamflows in Cache and Putah Creeks
will support stream channel maintenance

The vision for the Cache Creek Eoological Unit is such sediment andprocesses, transport
that native resident fish will be sustained bymeander (consistent with flood protection and
improving streamflows, fish passage, riparianadjoining land uses), a healthy riparian zone, and
habitat, and spawning gravel recruitment and bysustainable native resident fish populations.
screening unscreened diversions.

PUTAH CREEK ECOLOGICAL UNIT              NATURAL SEDIMENT SUPPLY

The availability and quality of sediments within
The vision for the Putah Creek Ecological Unit isthe active stream channel are important for
that native resident fish will be protected andsupporting natural stream channel dynamics,
enhanced by improving stream channelchannel maintenance, soilmedium for vegetation,
characteristics, instream habitat, streamflows, fishand stream substrate. Sediments also includepassage, riparian habitat, and spawning gravelgravel,, which provides for fish spawning and
recruitment and by screening unscreenedinvertebrate production. The vision for natural
diversions. Oppormuities to promote use bysediment supply is that a sediment equilibrium~’" =
chinook salmon and steelhead trout will be furtherwill be aelaieved that balances sediment transport
evaluated, with sediment input to make suitably sized

gravels available for fish spawning and enhances
SOLANO ECOLOGICAL UNIT           riparian plant life.

The vision for the Solano Ecological Unit.is that
creeks and sloughs and the associated riparian,

and habitats in the unit willwetland, upland

provide connections to the North Delta.
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NATURAL FLOODPLAIN AND FLOOD VISIONS FOR REDUCING
PROCESSES OR ELIMINATING STRESSORS

Stream-floodplain interactions are an important
WATER DIVERSIONS

ecological process. Streams need the opportunity
to inundate their floodplains on a regular cycle toDiversion can dewater stream reaches and cause
support riparian regeneration, mm-iem input to thedirect mortality to juvenile fish by entrainment.
system, and to erode and deposit sediments. TheThe vision is that additional water supplies will be
vision for floodplains in the Yolo Basindeveloped to ensure that diversions will notEcological Zone is that Cache and Putah Creek

impair efforts to establish sustainable populations
will seasonally flood their active floodplains. The

of nativeresidentfishspecies.
vision also anticipates that the flood capacity and
biological productivity of the flood bypass system

GRAVEL MININGwill be increased by improving conditions that
~support habitat and juvenile and adult fish
s ffrvival. Gravel mining can remove significant quantifies

of sediments from the active stream channel. This
loss of sediments, often in the form of gravel and

UPPER WATERSHED PROCESSES sand, can have significant adverse affects on,
stream channel dynamics and riparian succession.Above the valley floor, watershed health isThe vision is that intensive gravel mining

dependent on healthy oak woodlands, forest lands,activities will be relocated to sites outside thegrasslands, and riparian habitats. Healthy
active stream channels while allowing for

watersheds also store water, which latercontinued stream restoration, flood maintenance,-contributes to base flows during the late summer
and erosion control.and fall. The vision for upper watershed health

and function is that watersheds will be managed
INVASIVE RIPARD, N AND SALT MARSHand restored to protect and provide for high

quality water and suitable streamflows. PLANTS

VISION FORHABITATS Invasive plant species can outcompete and
displace valuable native species. Invasive plants
often have little or no value to native wildlife and

RIPARIAN AND RIVERINE AQUATIC are de-stabilizing natural ecosystem functions and
HABITATS processes. The vision is that invasive plants will

be controlled to allow native riparian plant species
A healthy riparian corridor provides a migratory to naturally propagate.
pathway linking lower and higher elevation
habitats for terrestrial species, such as mammals PREDATION AND COMPETITION
and birds. Health riparian systems also produce
and contribute to shaded riverine aquatic (SPA)The presence of non-native fish population in the
habitat, which can provide cover in the form ofstreams of the Yolo Basin Ecological Zone have
shade or woody debris. The vision for riparian andadversely affected native fish assemblages. This
SPA habitats is that they will provide a migrationis largely a result of competition for food and
corridor between the Delta and upstream habitatsspace, though some of the non-native fish prey on
that support terrestrial and aquatic species, native species. Improving habitat for native

species will contribute to reducing, but not
eliminating, predation and competition.
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CONTAMINANTS CENTRAL VALLEY PROJECT
IMPROVEMENT ACT

Reducing toxin inputs in discharges and from
contaminated sediments is essential to maintain The Central Valley Project Improvement Act
water quality. Reduced concentrations in waters (CVPIA) which calls for efforts to double the
entering the Delta should lead to lower salmon and steelhead populations in the Central
concentrations in Delta water and in fish and Valley by 2002 through changes in flows and
invertebrate tissues., Fewer health warnings for project facilities and operations.
human consumption of Delta fish and improved
foodweb productivity would also be expected. SALMON, STEELIIEAD TROUT AND

ANADROMOUS FISHERIES PROGRAM ACT
VISIONS SPECIESFOR

DFG is required under the Salmon, Steelhead
CIIINOOK SALMON AND STEELIIEAD Trout and Anadromous Fisheries Program Act of

1988 to restore salmon and steelh~ad runs in the
The vision is that the Yolo EcoFogical Zone will Central Valley.
contribute to fall-run chinook salmon and -
steelhead THE DELTA NATIVE FISHES RECOVERYpopulations.

PLAN
RESIDENT FISH SPECIES

This plan prescribes efforts to assist therecovery

Many native fish species will benefit from of many fish species native to the Central Valley,
improved aquatic habitats and stream including delta smelt, splittail, and other native
channel]floodplain processes. Population fish species.
abundance indices should remain stable or
increase and population sizes should be large ENDANGERED SPECIES ACT
enough to fully recover from natural and human-
induced disasters. The distribution of native The National Marine Fisheries Service (NMFS) is
resident fishes should increase with widespread reviewing the status of ste~lhead trout in the
habitat restoration. Central Valley. Any restoration program

developed under the federal Endangered Species

INTEGRATION WITH OTHER Act (ESA) will be compatible with
recommendations in the ERPP.

RESTORATIONPROGRAMS
The health of the ecological units of the Yolo

All efforts proposed in the Ecosystem Restoration Bas~ Ecological Zone can be maintained and
Program Plan (ERPP) to improve habitat and restored onlywith the active participation of local.
reduce stressors will be coordinated with existing watershed groups, which include local landowners
State and federal programs and with local and concerned individuals.
stakeholder organizations. The ERPP also
supports and complements restoration efforts NATIVE SPECIES RECOVERY PLAN FOR
already underway in the Yolo Basin, including the LOWER PUTAH CREEK
following.

A recovery plan for Lower Putah Creek native
fish species was prepared in 1996. This plan is
intended to re-establish and maintain: (10 a
resident native cool water fish assemblage, (2) a
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,!
mixed native warm-water fish assemblage, (3) ahabitats, and increase enforcement of the
warm-water game fish assemblage/ and (4)aCalifornia Fish and Game Code to protect
native anadromous fish assemblage. Many of the’recovering populations of salmon and steelhead.
ERPP targets and programmatic actions for Putah
Creek are consistent with the recommendation inWILLOW SLOUGI-I INTEGRATED RESOURCE
this plan MANAGEMENT PLAN

WATERSHED ORGANIZATIONS To implement a set of resource management
practices, the Y01o County R.esouree Conservation

Some watershed groups that already have beenDistrict (RCD) is working with local landowners,
established in the ecological zone are: and local, state, and federal agencies under the

WillowSlough Integrated Resource Management
¯ Cache Creek Conservancy, Plan. The goal of this plan is to enhance the
¯ Cache Creek Stakeholders Group, natural resources of the watershed using
¯ UC Davis Putah-Cache Bioregional Project, voluntary, small-scale, on-farm, and reproducible
¯ Solano County Water Agency, management practices. The resources and
¯ Water Resources Association of Yolo County, problems that could be jointly managed include
¯ Farm Bureau stormwater runoff, erosion, sedimentation,
¯ Putah Creek Landowners Association, chemical use, wildlife habitat, and groundwater
¯ Putah Creek Council, recharge.
¯ Yolo County Resource Conservation District,
¯ Yolo Basin Foundation, A resource inventory completed during .the plan
¯ Flood Plain Management Group, development process found multiple benezq~s
¯ Blue Ridge Ranchers, and could be achieved. The analysis focused on
¯ Quail Ridge Conservancy. opportunities for creating or erthaneing wetland

and riparian habitats, augmenting groundwater
Efforts in the Yolo Basin will be linked to similarrecharge, and decreasing flooding problems.
work by the California Waterfowl Assoeiatiun,
Ducks Unlimited, The Nature Conservancy LINKAGE TO OTI:IW.R
(TNC), and the California Rice Industry. The
overall success of these efforts will require ECOLOGICAL ZONES
cooperation from resource agencies, such as the
California Department offish and Game (DFG),Many of the resource elements in the Yolo Basin
California Department of Water ResourcesEcological Zone depend on conditions or
(DWR), and USFWS, as well as participation and elements in other zones, including the Sacramento
support from the U~S. Bureau of ReclamationRiver and Delta. The Yolo Basin Ecological Zone
(Reclamation), Natural Resources Conservationhas important-connection with the North Delta
Service (NRCS), private organizations, waterEcological Zone. The major area that connects the
districts, county and city governments, andtwo in the Yolo Bypass. The upper section of the
individual landowners. These groups will workbypass (above the Interstate 80 causeway) is in
together to maintain and restore streamflows andthe Yolo Basin Ecological Zone and the section
fish andwildlife habitat, devel0p additional waterbelow the causeway is in the North Delta
supplies to reduce impacts of diversions, andEcological Unit.
minimize poaching and degradation of habitat and
water quality in basin streams. To support thisThe connections between these areas also include
effort, funding may be provided to enhanceother ecosystem elements. Anadromous fish, for:
streamflows, reduce problems related to fishexample, are highly migratory and depend on
passage, install screens at diversions, restore
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conditions in the mainstem Sacramento River, theTARGET 1: More closely emulate natural
Delta, the San Francisco Bay, and the nearshoreseasonal patterns in Cache and Putah Creeks by
Pacific Ocean. Because these fish are affected byproviding additional flows, when available from
stressors throughout their range, such asexisting water supplies. Flows inthe Yolo Bypass
unscreened diversions, water quality deterioration,would be supplemented, as needed ,by the Colusa
and harvest, restoring salmon and steelheadbasin drain through the Knights Landing Ridge
populations in the Yolo Bypass will requireCut Canal, extending the Tehama-Colusa Canal,
efforts in other zones, and the Sacramento River through the Freemont

’ be needed in fall ifweig.Supplementalflowsmay
IlVIPLEMENTATION OBJECTIVES~ water temperature and flow in the lower Yolo

Bypass are insufficient for passage from Cache
TARGETS, AND PROGRAMMATIC in the SacramentoSloughto upstream

ACTIONS P, iver. Supplemental flows may be needed in
winter and spring to sustain downstream

Targets developed for the Yolo Basin Ecologicalmigratingjuvemle salmonandsteelhead their
Zone can be classified by their reliability injourney through the Yolo Bypass to the Delta.

contributing to attainment of the implementationSupplemental flows would be needed along with

objectives, The target classification system usedirrigation water from spring to fall to sustain

in the following section is as follows: native fish, wetlands, and riparian habitats in ¯
channel sloughs of the Yolo Bypass (OO).~

Class . Description PROGRAMMATIC ACTION 1A: Develop a

¯ Target for which additional rese~arch, cooperative program to provide water for summer

demonstration, and evaluation is needed to flows in Cache Creek to maintain riparian
determine feasibility or ecosystem response, vegetation by developing new conjunctive

supplies, including groundwater.
¯ ¯ Target which will be implemented in stages

with the appropriate monitoring to judge PROGRAMMATIC ACTION 1B: Develop a
benefit and success, cooperative program to provide water for the

~ target flows in Putah Creek from additional Lake
¯ ¯¯ Target that has sufficient certainty of successBerryessa releases or reductions in water

to justify full implementation in accordance diversions at Solano Diversion Dam and in the
with adaptive management, program priority creek downstream of the dam. Water would be
setting, and phased implementation, obtained from willing s~llers, water transfers, and

by developing new supplies, including
ECOLOGICAL PROCESSES groundwater. .

C̄ENTRAL VALI~Y STREAMFLOW PROGRAMMATIC ACTION 1c: Cooperatively ’"
evaluat~ the feasibility of providing water for the

IMPLEMENTATIONOBJECTIVE: The implemen- upper Yolo Bypass portion of the Cache Creek
tation objective for Central Valley streamflows is Unit by red~g water from Colusa basin drain
to restore basic hydraulic conditions to reactivatethrough the Knights Landing Ridge Cut Canal, an
and maintain ecological processes that create andextension of the Tehama-Colusa Canal, and the
sustain habitat required for healthy fish, wildlife,Sacramento River through the Grays Bend-Old
and plant populations. River-Freemont weir complex.
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RATIONALE: Supplemental summer flows downstream, and (4) anadromous fish flows. The
proposed in Cache Creek would sustain newly first two streamflow needs are of higher priority
established riparian vegetation and provide at this time and alte.rnatives to using streamflows
refuge for native resident fish., Flows from the to control non-native fish species need to be
Colusa basin drain, Tehama Colusa Canal further examined Restoring more natural channel
extension, and the Sacramento River are characteristics, providing instream habitats such
necessary to provide sufficient flow in the Yolo as woody debris, pools, overhanging vegetation,
Bypass during the spring through fall irrigation may provide native species with the advantage
season to sustain native fish, wetlands, and required to naturally displace or successfully
riparian habitat; additional supplemental flow compete non-native species such as the red
may be needed during the late-fall through early shiner.
spring salmon and steelhead migration season.
These flows will sustain native resident fish NATURAL SEDIMENTSUTPLY
species and salmon and steelhead using the Yolo
Bypass route to and from the upper Sacramento IMPLEMENTATION OBJECTIVe: The
River watersheds.           -                   implementation objective for natural sediment

supply is to establish sufficient quantities to
Flow in this area would pass south along both riverine and estuarine systems to restore or
sides of the Yolo Bypass, merging with any reactivate stream channel meander and point bar
supplemental Cache andPutah Creekflows along formation where feasible, provide sediments to
the west side of the Yolo Bypass. A weir or screen rebuild wetlands and shallow-water habitats, and
will be placed at the Knights Landing Ridge Cut provide for nutrient transport.
Canal outlet to keep salmon and steelhead from
migrating upstream into the Colusa basin drain. " TARGET 1: Restore gravel recruitment in Cache
Fish passage facilities will be constructed at the and Putah Creeks to meet the needs of spawning
Grays Bend-OldRiver-Freemont weir complex to fish, maintain natural stream channel meanders
allow migrating adult salmon and steelhead and bar formation where consistent with flood
moving upstream through the Yolo l~t~ass toward protection and adjoining land uses, and match
upper Sacramento River basins to enter the existing ratesofdownstream displacement (~).
Sacramento River. Downstream migrating
juvenile salmon and steelhead will not be PROGRAMMATIC ACTION 1A: Develop a
discouraged from moving from the Sacramento cooperative program to supplement gravel
River into the Yolo Bypass, because conditions recruitment below Solano Diversion Dam as
should be optimal for rearing and migrating on needed to replace natural gravel recruitment
their way to the Delt~ interrupted by the diversion dam.

Improved streamflows are one of the most critical PROGRAMMATIC ACTION 1B: Develop a
ecosystem elements required to promote healthy cooperative program to supplement gravel in-
native fish populations in Putah Creel~ areas downstream of the diversion dams where
Oppornmities to provide the needed flows are other structures or gravel mining have interrupted
presently limited, but that does not lessen the need the gravel recruitment process.
to continue efforts to find a collaborative means
by which to meet the needs for all the beneficial RATIONALE: Gravel recruitment has been
uses of Putah Creek water. There are four severely interrupted in Putah Creek from dam
general classes of streamflow needs for Putah constructior~ Replacement is necessary below the
Creek native fishes: (1) flows for native fish dam to sustain fish rearing habitat, feasible
rearing, (2) flows for native fish spawning, (3)
flushing flows to push non-native pond fish streatn, meander, and riparian corridors.
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Consistent with this is the need to improve the PROGRAMMATIC ACTION 3A: Evaluate the
stream channel characteristic of Putah Creek ~ feasibility of expanding floodplain overflow areas
downstream of Solano Diversion Darn. Ofconcern in the lower Cache and Putah Creek floodplains.
is the existing channel geometry including width Such areas would include sloughs and creek
and depth, channels, setback levees, and wetlands, where

feasible and consistent with flood protection.
NATURAL FLOODPLAIN AND FLOOD

PROCESSES TARGET 4: Establish a desirable level of
floodwater retention potential by expanding,

IMPLEMENTATION OBffECTIVE: The imple- where feasible and consistent with flood
mentation objective for natural fluvial gee-proteetion, the floodplain area ofthe Yolo Bypass,
morphology (streambed features) is to conservelower Cache Creek, and lower Putah Creek, and
and enhance these characteristics in streams andby developing off-eharmel water storage facilities
rivers to contribute to and promote natural(~):
sediment and depositiontransport

PROGRAMMATIC ACTION 4A: Cooperatively
TARGET 1: More closely emulate n_.amral streamevaluate the feasibility of reopemting and
channel configurations in Cache Creek and Putahmodifying the Yolo Basin to increase its capacity
Creek, as well as in ehatmels and sloughs of thefor floodwater detention and sediment retention
upper Yolo Bypass, consistent with flood control by reconfiguring levees, channels, and other
requirements (~). physical constraints to large-volume flow events.

PROGRAMMATIC ACTION 1A: Cooperatively RATIONALE: Overbank flooding is a regular
evaluate the of the in the Yolo infeasibility modifying cross  pass flood years.
sections and channel configurations in Cache and Proposed actions will provide this valuable
Putah Creeks to provide a more naturalprocess in dry and normal water years when no
configtLration, while maintaining consistency with flooding of the Bypass wdidd normally occur.
flood control requirements and minimizingFlooding in the Bypass sustains wetlands and
impacts to adjoining established land uses. provides for the transfer of considerable amounts

of nutrients and organic materials to the Delta
TARGET 2: Increase overbank flooding potential and Bay, where it serves the valuable purpose of
to floodplains, where feasible and consistent withcontributing to the estuarinefoodweb. Developing
flood protection, to support a desirable vegetationfloodplain overflow areas and off-channel water
succession process (~). storage factTities along lower Cache and Putah

Creeks will help reduce flood damage, provide
PROGRAMMATIC ACTION2A:Evaluateoppor- supplemental flows-during the summer, and
tunities to provide flow to Yolo Bypass from improve fish, riparian, and wetland habitats, and

Colusa basin drain, extending the Tehama-Colusa>.~urther contritnae nutrients and organic materials ..
Canal, and Sacramento River (through Fremontto the Bay-Deltafoodwe&

weir) in dry and normal water years, as well as
normally occurring overflow in wetter years. Natural floodplain overflow basins and off-

channel water storage facilities serve to store

TARGET 3: Increase the area of flooding to the sediment, marients, and water, making them

active Cache and Pmah Creek floodplains duringavailable for other uses and to the rivers at other:

the wet season, where feasible and consistent withtimes. The subsurface water and sediment flow
¯ and nutrient retention also help form andflood protection (~).

maintain riparian habitats, which provide
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spawning and rearing habitat for native resident RATIONALE: Improved watershed processes will
fish duringhigherwaterperiods, maintain and restore seasonal water runoff

patterns, water yield, and water quality and
Successful restoration of the Yolo Basin streams reduce sediment load to downstream storage
will minimally require considerable stream reservoirs (reducing storage capacity and
channel reconfiguration. The intent is to restore improving water quality). Reducing mercury,
channels to configurations that can be retained in boron, and other contaminants will improve the
a natural state by the proposed flows, natural health of wildlife and improve the viability of
erosion and sedimentation processes, riparian riparian vegetation. Healthier watersheds will
vegetation succession, and gravel-sediment also provide ancillary benefits to upper watershed
regimes (patterns), where feasible with flood habitats and species.
protection and adjoining land uses.

The local Resource Conservation District and
Increasing the flood capacity of the bypass may Blue Ridge Ranchers are working the CDF and
be necessary to develop and implement future TNC to develop controlled burn plans of the upper
riparian habitat restoration programs. Riparian Willow Slough Ecological Unit.
vegetation reduces flood capacity, so an effective
riparian restoration program in the Yolo Basin ]]~BITAT$
would need to be integrated with a program to
offset any potential loss by increasing capacity. RIPARIAN AND RIVERINE AQUATIC

UPPER WATERSHED PROCESSES
HABITAT

IMPLEMENTATION    OBJECTIVE: The
IMPLEMENTATION OBJECTIVE: The imple-

implementation objective forfiparian and dverinementation objective for upper watershed healthaquatic habitats as it pertains to the Yolo Basin
and function is to restore ecological processes inEcological Zone is to restore riparian scrub,the upper watersheds to maintain and improve thewoodland, and forest habitat to create riparian
.quality and quantity of water flowing into the
tributaries and rivers of the Sacramento-San

vegetation corridors. These corridors provide
shaded dverine aquatic cover for fish species and

Joaquin Delta and San Francisco Bay. create high-quality habitat for associated special-
status plant and animal species and other wildlife.

TARGET 1: Restore upper watershed processes
(4~4~@).                                     TARGET 1: Restore riparian vegetation along

Cache Creek, Putah Creek, and Yolo Bypass and~
PROGRAMMATIC ACTION 1A: Reduce
excessive fire fuel l~ads in upper watersheds.

Solano Ecological Unit ehannels and sloughs,
where possible, to provide cover and other
essential habitat requirements for native resident

PROGRAMMATIC ACTION 1B: Improve oak fish Species and wildlife
woodland and forestry management practices,
including timber harvesting, road building andPROGRAMMATIC ACTION 1A: Develop a
maintenance, and livestock grazing, cooperative program to restore riparian

vegetation, where possible and fill gaps in forest
IPROGRAMMATIC ACTION 1C: Cooperatively continuity.

develop a watershed management plan consistent
with existing local, state, and federal planningPROGRAMMATIC ACTION 1B: Develop a
efforts, cooperative program to protect existing riparian
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corridors along creeks, -streams, sloughs, and at the lower end of the Knights Landing Ridge
. channels connecting to the Delta. Cut Canal to keep adult Salmon and steelhead

into the Colusa basinfrommigratingupstream
PROGRAMMATIC ACTION 1t2: Develop a drain.

,

cooperative program to plant riparian vegetation
and provide for early development until itPROGRAMMATIC ACTION 2C: Evaluate the
becomes naturally self-sustaining, feasibility of screening diversions in the Yolo

Bypass with positive-barrier fish screens.
PROGRAMMATIC ACTION 1D: Developa
cooperative control program for non-nativeRATIONALE: Reducing loss of juvenile salmon,
riparian plants, where necessary, to promotesteelhead, native resident fishes, nutrients,i. natural corridors, debris, and invertebrates isdevelopmentof healthy riparian or~q~ic aquatic

essential to restoring salmon, steelhead and
RATIONALE: Healthy riparian corridors along native resident fish populations to the Yolo

i’
creeks, and channels, those in Bypass. Unscreened diversions are a significantsloughs, including
the" Yolo Bypass, provide essential cover, shade, threat to downstream migrating juvenile salmon

¯ and food for spawning, rearing, and migrating and steelhead in late winter and early spring, and
native residentfishes and other Wildlife. to oversummer rearing steelhead in upstream

rearing areas. Salmon and steelhead populations
REDUCING OR EI.,IMI~ATING from the upper Sacramento River watersheds will

I benefit from reduced stranding losses in the YoIo
STRESSORS Bypass.

i . WATER DIVERSIONS DAMS, RESERVOIRS~ WEIRS~ AND OTHER

STRUCTURES
IMPLEMENTATION    OBJECTIVE: The

i implementation objective is to reduce entrainment
IMPLEMENTATION OBJECTIVE: The imple-

(carrying along) of juvenile fish into watermentation objective for dams, reservoirs, weirs,
diversions. Reduced entrainment will increaseand other structures is to increase the connectionsurvival and population abundance to levels that

of upstream spawning and rearing habitat with the
contribute to Delta health and other beneficialmainstem rivers in the Sacramento-San Joaquin
land and water uses. basin to increase success of adult spawners and

i TARGET 1: Screen all diversions in the Yolo
survival ofjuveniledownstream migrants.

Bypass channels and sloughs (4~4~). TARGET 1: Improve fish passage between the

i Delta and spawning grounds inthe upper
TARGET 2: Prevent adult salmon and steelheadwatersheds (~40.stranding in the Yolo Bypass during their

i upstream migrations(4~). PROGRAMMATIC ACTION 1A: Evaluate the
feasibility of constructing fish passage facilities at

PROGRAMMATIC ACTION 2A: Evaluate the the Grays Bend-Old River-Freemont weir

i
feasibility of constructing fish passage facilities atcomplex at the upper end of the Yolo Bypass.. ’
the Grays Bend-Old River-Freemont weir
complex at the upper end ofthe Yolo Byp~s. RATIONALE: During floods, large numbers of

i adult late-fall-, winter-, and spring-run chinook
PROGRAMMATIC ACTION 2B: Develop a salmon, as well as winter- and spring-run
cooperative program to construct a weir or screensteelhead from the upper Sacramento R~ver
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wa~.,.’sheds, migrate upstream through the Yolo INVASlVE RIPARIAN AND SALT MARStt
Bypass. As floodwaters recede, some of these fish ~ PLANT SPECIES

delayed stranded behind the Freemontor
weir. Additional releases from the Colusa basin IlVlI’LE!~tENTATION OBJECTIVE: The implemen-
drain and Freemont weir will further aggravate ration objective for invasive riparian and salt
thise2cistingprobler~ Ensuring fishpassageinto marsh plants is to reduce populations of invasive
upper Sacramento River watersl’mdsfrom the Yale non-native tree and shrub species that compete
B2~ass is essential to restoring these wild salmon with native riparian vegetation. Reducing invasive
and steelhead runs to the Sacramento River basin. riparian and salt marsh plants would help to

: establish and supportsustainable native
GRAVEL ~VIINING " vegetation communities

IMPLEMENTATION    OBJECTIVE:    The TARGET 1: Reduce populations of invksive non-
implementation objective is torodueetheadversenative plant species that compete with the
effects of past instream gravel mining to improveestablislmaent and succession of native riparian
gravel recruitment, cleansing, and transport, vegetation along Cache Creek and Pntah Creek.

This will~ help to reestablish native riparian
TARGET 1: Protect, enhance, and restore naturalvegetation in floodplains, increase SRA cover for
gravel recruitment within the active floodplainfish, and increase habitat values for riparian-
and remnant gravel pits (4)~. ~). associated wildlife (~)~)).

PROGRAMMATIC ACTION 1A: Develop a PROGRAMMATIC ACTION 1A: Develop a
cooperative program to incorporate remnantcooperative program to monitor the distribution
gravel pits into active cree, k floodplains toand abundance of non-native plants and develop
increase the channel area and restore naturalcooperative control programs as needed.
channel eonfiguratious, while providing for the
maintenance of flood capacity and protection ofRATIONALE: Non-native pi~mt species, such as.
adjoining land uses. false bamboo, salt cedar, eucalyptus, water

hyacinth, arut pepperweed, can undermine
RAIlONAI.E: There are reranant gravel mining riparian habitat value to fish and wildlife, as well
effects in lower Cache and Pntah Creeks. as the natural plant succession that contributes to
lCestoring the nantral channels by integrating the physical character of the riparian corridors.
remnant pits with the active floodplain will ensure
that juvenile native resident fish are not stranded PREDATION AND COMPETITION
in ponds and exposed to the unnatural levels of
predatory fish that reside in these ponds. IMPLEM~..IW!~.,.,ATION OI~IECTIVE: Reduce the
Increasing the width and variation of the channel loss ofjuvenile anadromous and resident fish and
in those areas altered by former gravel mining 6ther aquatic organisms caused by unnatural
operations will restore gravel recruitment to the predation levels to increase survival and
river and allow for the development of more contribute to restoring important species.
natural and stable stream channels and riparian
habitat. TARGET 1: Reduce predation and competition

ōn native fish species

PROGRAMMATIC ACTION 1A: Develop a
cooperative program to modify the stream channel
and improve aquatic habitats. (Refer to
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recommendations for streamflow, sediment resident fishery, (6) act as a watchdog for the
supply, floodplain, and contaminants.) creek, and (7) provide useful information local

government, and state and federal agencies
RATIONALE: Habitat alteration often provides a regarding the health of Putah Creek.
competitive advantage to non-native fish species
and native fish species decline as a result of poor SPECIES
habitat, predation, and competition for limited

li nutrients and habitat. Reducing the adverse RESlDENT FISHSPECIES
effects of non-native species can be achieved by a
programto restore ecological processes, habitats, IMPLEMENTATION OBJECTIVE: Maintain and

i and reducing other stressors to the extent restore the distribution and abundance of resident
possible, native fish species, such as Sacramento blaekfish,

" hardhead, tale perch, and Sacramento perch, and
. CONTAMINANTS non-native species, such as white catfish,

largemouth bass, and threadfm shad, to support a
’ IMPLEMENTATION OBJECTIVE: Reduce sport fishery and, healthy forage populations.

~i
concentrations and loadings of contaminants inMeeting this objective would contribute to species

¯ the aquatic environment and bioaccnmulation byrichness and diversity and reduce conflict between
aquatic species. This will increase survival andthe need for their protection and other beneficial
eliminate public health concerns, uses of water in the Bay-Delta.

TARGET 1: Restore and maintain water quality in TARGET: Provide suitable year round habitat for

l , the Cache Creek watersbed(~.), native fish species and species abundance at levels
which will allow the populations to survive

- PROGRAMMATIC ACTION 1A: Identify the natural and human-induced disasters (~).

~, sources and reduce the amounts of mercury and
other contaminants coming into the watershedPROGRAMMATIC ACTIONS: Restoration of
from upstream sources, native resident species will result from the

i, integrated benefits of improved streamflows,
TARGET 2: Restore and maintain water quality in sediments and floodplain processes, riparian and
the Putah Creek Watershed (~), shaded riverine aquatic habitat restoration, and a

reduction in stressors such as unscreened
PROGRAMMATIC ACTION 2A: Develop and diversions, obstructions to invasivepassage, plant¯
implement-a Streamkeeper program on Putah species, non-native fish species, and contaminant
Creek. reduction.

l RATIONALE: Implementing a "Streamkeeper RATIONALE: Providing healthy native fish
Program" on Putah Creek.would provide an population in streams of the ¯Yolo Basin

i ’ effective means by which to monitor a variety of Ecological Zone will require successful action in
environmental factors that influence the a wide variety of areas. Generally, these will
watershed health below Monticello Datr~ In center aronndstreamflows, water qualityl habitat

i . addition to collecting water samples for chemical quality, and remediation of adverse ecological
analysis a streamkeeper could (1) monitor factors such as exotic species.
telemetered stream gauges, (2) conduct frequent

l site visits, (3) identify and plan restoration
¯ projects, (4) provide local public outreach with

.private landowners, (5) monitor the native
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1
CHINOOK SALMON degrees by existing ecological processes. Even

~ though the quality and accessibility of the habitats
IMPLEMENTATION OBJECTIVE." The have been diminished by human-caused actions,

implementation objective for chinooksalmoninthese habitats can be restored through a
the Yolo Basin Ecological Zone is to contribute to comprehensive program that systematically 1
restoring fall-run chinook, salmon in the Yolostrives to restore or reactivate ecological
Bypass to support sport and commercial fisheries,processes, functions, and habitat elements, while

reducing or eliminating known ~ources of 1
TARGET 1: Maintain the average cohort replacemortality and other stressors that impair chinook 1
rate of fall-run chinook salmon above 1.0 whilesalmon survival.
the stock is rebuilding. Then maintain a 1
replacement rote equal to or greater than 1.0 whenThe role of the Yolo Basin Ecological Zone will be

the stock reaebes restoration goal levels set by thelimited in providing for chinook salmon.

regulatory agencies (~). Generally, the actions developed for this zone will
incidentally benefit fall-run chinook salmon in

PROGRAMMATIC ACTION 1A: Actions in the many wateryear types. The major focus, however,

Yolo Basin Ecological Zone have been designedremains on improving ecological processes and

indirectly to support fall-run chinook and itshabitats for the benefit of native, resident fish

habitat. This species will: benefit from previouslyspecies.

described actions in this zone to improve or
restore ecological processes and functions that STEELHEAD

create and maintain habitat and to reduce
stressors that adversely affect processes, habitats,IMPLEMENTATIONOBJECTIVE: The implemen-
and fall-run chinook salmon directly. Thesetation objective for steelhead trout is to achieve |programmatic actions address: sufficient naturally spawning populations in the

¯ Yolo Bypass to support inland recreational fishing
and fully use existing and restored habitat areas. 1CentralValleystreamflows,

¯ natural sediment supply, Meeting this objective would contribute to overall
¯ stream channel, meander species richness and diversity and reduce conflict
¯ riparian and riverine aquatic habitat, between the need for its protecti’on and other 1
¯ water diversions, dams, resercoirs, weirs, andbeneficial water uses in the Bay-Delta. 1
1 gravel mining

TARGET 1: Provide suitable conditions for up iI
Additional programmatic actions that willand downstream passage, spawning and rearing
contribute to restoring fall-run chinook salmon are(~).
proposed for the Sacramento River, Sacramento-
San Joaquin Delta, and Suistm Marsh/North SanPROGRAMMATIC ACTION 1A: Actions in the’
Francisco Bay Ecological Zones. Yolo Basin Ecological Zone have been designed

to incidentally support steelhead and its habitat.
RAI"IONAL~:. Because of their life-history This species will benefit from previously
requirements, typical of all Pacific salmon, described actions in this zone to improve or
Central Valley chinook salmon require high- restore ecological processes and functions that
~lity habitats for migration, homing, spawning, create and maintain habitat and by reducing
egg incubation, emergence, rearing, and stressors that adversely affect processes, habitats,
emigration to the ocean. These diverse habitats and steelbead directly.
are still present throughout the Central Valley
and are successfully maintained to varying
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!
RATION/~E: NM~S has identified steelhead      Yolo County Resource Conservation District.

i , populations in the Central Valley as a single 1995. The Willow Slough Watershed
evolutionary significant unit (ESU) based on a Integrated Resource Management Plan.
variety of physical and biological data. These
data include the physicalenvironment (geology,
soil type, air temperature, precipitation, riverflow
patterns, water temperature, and vegetation);
bioge.ography (marine, estuarine, arut freshwater

I! fish distributions); life history (age attraits
smolting, age at spawning, river entry timing~
spawning timing, and genetic uniqueness). The

i . Yolo Basin Ecological Zone makg minor
contributions to the health of the overall Central
Valley steelhead population, but restoration of the

i species lies outside of this zone.

REFERENCES USED TO _
DEVELOP THE VISION FOR THE

YOLO BASIN ECOLOGICAL
i ZONE

i - California Deparmaent of Fish and Game. 1993.
Restoring Central Valley streams: a plan for
action. November.

l~ Trihey & Associates. 1996. Native species
recovery plan for .lower Putah Creek,
California. Trihey & Associates, Concord,
California. January 29, 1996.

U.S. Fish and Wildlife Service. 1997. Revised
iI             draft anadromous fish restoration a planplan:

to increase natural production of anadromous
fish in the Central Valley of California. May
30, 1997.

U.S. Fish and Wildlife Service. 1996. Recovery
plan for the Sacramento/San Joaquin Delta
native fishes. U.S. Fish and Wildlife Service
November.

I Yolo County. 1996. Cache Creek Resources
Management Plan and Cache Creek
Improvement Program. August.
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EASTSIDE DELTA TRIBUTARIES ECOLOGICAL ZONE

INTRODUCTION

The health of the Delta is closely linked to the
health of its component watersheds. The major
watersheds contributing streamflow to the Delta
include the Sacramento River, San Joaquin River,
and the eastside Delta tributary streams. Cum-
ulatively, these provide over 95% of the annual
freshwater inflow to the Delta and provide
migration, spawning, and rearing habitat for

resident, anadromous
(migra~ting between

gtst~ide Stl’@a~l~S and ocean), and
Delta some estuarine (river
Trn, uttri= mouth) fish that dependgcologictl (SRA) habitat.on a healthy Delta eco-

system. The eastside
Fish and wildlife resources in the basin includeDelta tributary streams

can support increased fall-ran chinook salmon, steelhead, splittail, other
native resident fish, and waterfowl. Fall-runabundances of resident, chinook salmon and ~teelhead populations are

:: anadromous, and estua-
rinefish, such as steel- generally unhealthy due to poor habitat

head, chinook salmon,
conditions. Achieving healthy status for these
saimonidpopulations, well forsplittail,

and splittail, which will, in turn, contribute to the
overall Delta health,

depend on actions implemented in this zone and
on complementary restoration actions in. the
Sacramento-San Joaquin Delta Ecological Zone.

DESCRIPTION OF ~ ZONE The confluences of the Mokelumne, Cosumes,
and Calaverns rivers, as they enter the Delta, are

The Eastside Delta Tributaries Ecological Zoneimportant backwater floodplain areas that support
includes the three major tributaries entering theexcellent riparian habitats. These areas provide
Sacramento-San Joaquin Delta on its east sideimportant habitat for juvenile chinook salmon,
(Figure 16): delta smelt, splittail, giant garter snake, and

sandhill crane.
¯ Cosumes River Ecological Unit,
¯ Mokelumne River Ecological Unit, and Notable stressors to ecological functions, pro-
¯ Calaveras River Ecological Unit. cesses, habitats, and resources within the zone

include:
Important ecological processes within the
Eastside Delta Tributaries Ecological Zonē altered instreamflows,
include .streamflow, stream meander, gravel
recruitment and cleansing, sediment transport,̄ altered water temperature regimes,
flood and .floodplain processes, and water
temperature. Important habitats include seasonal̄ separation of rivers from their floodplains,
wetlands and riparian and shaded riverine aquatic
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[] interruption ofgravel recruitment and cleans-is included in this ecological zone from its

i

ing processes, headwaters to the confluence with the Mokelumne
River. The Cosumnes River floodplain lies

¯ reduced sediment transport, primarily within the legally defined Delta

poor use livestock grazing practices,land and
The Cosuranes River natural streamflow pattern is

[] high levels of predation on juveniletypical of Sierra foothill streams, with high late

~i salmonids, winter and early spring flows, moderate late
spring flows, and very low summer and fall flows.

[] entrainment of aquatic organisms in waterAtmual flows also vary greatly. Peak flows occur

i diversions, from February through April. In years with the
highest rainfall, average monthly winter and early

¯ restriction of fish passage at dams andspring flows range from 4,000 to 6,000 efs, but

i " diversion structures, only from 80 to 120 efs in August and September.
In driest years, flows peak at only 30 to 50 efs

[] input of contaminants, from February to May, while flOWS the remainder

i of the year are 0 to 20 cfs. Average monthly late
¯ illegal salmon and steelhead harvest, and winter and early spring flows in dry and normal

years range from 400 to 800 cfs.
[] dparian vegetation removal.

Historical Monthly Average Flow¯ ~ DESCRIFrIONS OF ECOLOGICAL

i UNrrs

COSIrbINES RIVER ECOLOGICAL UNIT

!~ The Cosunmes River, with a watershed of approx- ~
’ imately 1,265 square miles, drains the Sierra

i"
Nevada foothills and joins the Mokelunme River t~
north of Thornton in the Delta. Flow records are
available for Michigan Bar (535-square mile
watershed), located near the base of the foothills J F M Pg M J J A $ O N D
as the fiver flows onto the valley floor. The Sly "
Park Dam (Jenkins. n Lake) has a capacity of [] Normal Year [] Dry Yea~

~, 40,000 acre-feet on the North Fork Cosunmes, Cos~m~s l~v~r stmamflow, 1962-1992 (Dry y~ar is the
with a watershed of 60 square miles. Releases are 20th p¢i~d~l= y=r; normal y~r is th= sore t~x-’=u~ or
primarily into the Camino conduit for irrigation in m~dian y~r.)

i Cosumnes and South Fork American River basins
(average of about 25 cubic feet per second [cfs]).The historic flows at Michigan Bar are very

¯ similar to unimpaired flows, because there are
There are no other major impoundments inthelimited diversions from the upper watershed, and

i Cosumnes River watershed, although severalJenkiuson Lake does not provide substantial
agricultural diversions are located betweenregulation ofwinterandspringrtmoff.
Michigan Bar and Thornton. Due to the low

t elevation of its headwaters, the river receivesDuring the 1950s, the Cosumnes River supported
most of its water from rainfall rather than
snowmelt. The entire Cosunmes River watershed

an average annual run of approximately 5,000
fall-run chinook salmon. During recent years, it
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1
!

has been estimated that the average annual runleveed. Levees extend 15.8 miles along the fight
consists of 100 fish or less: The fiver hasbank (facing downstream) and 3.6 (?)miles along
extensive gravel areas suitable for chinook salmonthe left bank. 1spawning and provides good rearing conditions
for juvenile salmon. Spawning areas are locatedThere are no water storage reservoirs on the 1
between Michigan Bar and Sloughhouse. Chinookmainstem Cosumnes River, and streamflows are
salmon have been observed in the 40 miles ofaltered primarily due to numerous small water
stream ~om the mouth to Michigan Bar; A naturaldiversions. Them is one diversion dam (Granlees
migrationbarrier is located upstream from Diversion Dam)on the river, located approx- 1
Michigan Bar. imately 1 mile upstream from the Highway 16 ¯ll

crossing. Thi~ dam has two functional fishways.
In addition, there are 157 registered appropriative

1
5 "O 0 O ~ ................................................... j water fights on the fiver. Most water is diverted

4,ooo I .......
~ out of the river from the first rains in the fall

~ i through early summer. This is the period when 1
a,ooo i ....................................................i fall-ran chinook salmon most need high flows.

~ I
~,ooo [ Groundwater pumping is apparently the cause of 1¯

~ a significant decline in the local groundwater
1,0oo ..................

I table. This decline is responsible for the number
of days of very little to no flow in the Cosunmes 1

1
1942 ~ou~ 196! to 1~ days for 1942 ~ough

Cosumn~s River Fall-Run Chinook Salmon Abundance, 1982. Daily average flow data for the lower
1965-1995. Cosumnes River have not been available since 1

Low natural streamflow in summer and fall, 1982, and the present number of very low to no
particularly in low rainfall years, is the primaryflow days is probably greater. The decline in the 1
factor limiting the salmon run size in thegroundwater table in the vicinity of the Cosumnes !
Cosunmes River. In many years, the early po _nionRiver and the Increased days of very little to no
of the run experiences difficulty negotiating the flow limit access to the river by fall-run chinook
shallow bar and shoal areas, as well as high watersalmon as they enter, or try to enter, the dyer in |temperatures. Only during normal and wet waterOctober and November.
years are winter and spring flows usually adequate ....
for juvenile salmon emigration. Typically, 35Other factors limiting anadromous fish production 1
miles of the fiver between Twin Cities Road andin this ecological zone include streambed incision
Highway 16 are dry during the summer to earlyand loss of spawning gravel due to the effects of
fall months, levees, blocked upstream fish passage at small /1

dams, entrainment of young salmon at water-o
Histodcally, the Cosumnes River overflowed itsdiversions, general climatic variations, oceanic
banks and deposited sediments, primarily sand,conditions, and commercial and recreational fish 1which formed natural levees. The area down-harvest.
stream of Wilton Road also had a mosaic of
riparian (waterside) forest and freshwater emer-Opportunities to restore fall-run chinook salmon 1
gent wetlands, whereas today, only remnantin the Cosurnnes River are limited. The major
stands of valley oak woodlands remain, limiting factor is low or no flows in the lower

fiver during the early upstream migration period 1
Presently, the lower Cosumnes River between¯ (late September and October). In years when 1
Dillard Road and Twin Cities Road is extensively
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winter rains are late or lacking, salmon are notis now the upstream boundary for anadromous
able to swim up the river and spawn. , fish migration.

The lower Cosumnes River area also provides
Historical Monthly Average Flowwintering habitat for greater sandhill cranes,

roosting and foraging habitat for Swainson’s
hawk, and terrestrial and aquatic habitat for giant
garter snake and western pond turtle.

500

Riparian habitat and channel conditions are ;.40o
affected by an extensive system of private 1.evees ~300
along the lower Cosumnes River that are set close : ~o0
to the active ehamael. These levees are sub-
standard and were breached in 14 locations during 100

the January 1997 flood. Levee and channel main- o
tenance often requires riparian vegetation J F
removal. [] Normal Year [] Dry Year

MOKELUMNE RIVER ECOLOGICAL UNIT Mok¢lunm¢ River Flow Imlow Camaneh= Dam, 1972-1992
(Dry year is the 20th percentile ye~,, normal y~ar is the

The Mokeltmme River, the largest eastside Delta
50th lm~:~ntile or median y~ar.)

tributary, drains approximately 661 square miles,Camanche Reservoir, with a capacity of
with its headwaters at 10,000 elevation feet on theapproximately 417,120 af, provides seasonal
Sierra Nevada crest. Downstream of the town ofstorage for downstream diversions and instream
Thornton, the fiver splits into the North and Southflows. Downstream of Camanche Reservoir,
Fork eharmels. The Delta Cross Channel anddevelopments include both hydroelectric and
Georgiana Slough divert water from theirrigation facilities. At Lodi, the Woodbridge
Sacramento River into the North Fork Diversion Dam supplies water to the eastern Delta
Mokehtmne River channel. The. river enters theagricultural area.
lower San Joaquin River northwest 6f Stockton.
The median historical unimpaired runoff is
696,000 acre-feet (at’), with a range of 129,000 to Unimpaired Monthly Average Flow
1.8 million af.

The Mokelumne River has had ~ long history of
3000

in .the watershed, with a combined storage _~2oo0
capacity of more than 750,000 at" (Camanche, ~ Is00
Pardee, and Salt Springs Reservoirs), now control W. looo
releases to the lower Mokelumne River. In 1929,
East Bay Municipal Utility District (EBMUD) soo
constructed Pardee Reservoir and the Mokelumne 0 I    I    I    I    l i        I    I    I    I    I

Aqueduct to supply water to 1~2 million people J F U A U J J A S O X O
fiving in 20 cities and 10 unincorpomted areas in

[] N¢ ~alYear ~, DryYear
Contra Costa and Alameda counties. The reservoir
has a capacity of 197,590 af and the aqueduct canMok~lttm¢ River Urdmpaimd Stv~aflow at l~de~, 1972-1992

(Dry year is the 20th percentileyear; normal, year is thecarry about 500 cfs from Pardee Reservoir. 50th pereentile or median year.)
Camanche Dam, constructed in 1964 by EBMUD,

Volume II: Ecosystem Restoration Program Plan
.~ ~.~ Eastside Delta Tributaries Ecological Zone Vision

II~ ~ Draft: March 1998
341

0--006963
(3-006963



t
The natural Mokelumne River streamflow patternIrrigation diversions along the Mokelumne River
is typical of streams in the central Sierra, withbelow Camanche Dam reduce the flow in the fiver
high spring flows, very low summer and fallduring the irrigation season, typically late March
flows, and moderate winter flows. Total annualthrough October. The largest diversion is at
inflow also varies greatly. Peak inflows occur in Woodbridge Diversion Dam near - Lodi,
April and May. In years with the highest rainfall,approximately 15 miles upstream from the Delta.
average monthly inflows range from 4,000 toStreamflow below Woodbridge Diversion Dam is
6,000 cfs from January through June, but fromlow in all but wet years, which is similar to the
only 200 to 500 cfs in August and September. Inhistoric flow pattern in the lower Mokelumne ¯
driest years, inflows peak at only 600 to 1,000 cfsRiver in late summer and fail. In driest years,
in April and May, while summer and fall inflowsmonthly average flows range from 5 to 40 cfs.
are 0 cfs, and winter inflows are only 30 to 150 Average monthly flows in dry years range from
efs. Typical average monthly spring inflows in20 to 80 cfs. In normal flow years, spring and
dry and normal years range from 500 to 2,500 cfs. stunmer flows range .from 50 to 100 cfs. Fall

flows in normal to wet years range from
Pardee and Camanehe Dams have markedlyapproximately200 to 800 cfs.
changed streamflow in the lower Mokelumne
River below Camanehe Dam. Winter and springFall-run chinook salmon and steelhead occur in
flows have been greatly reduced in all but highthe Mokelumne River below Camanche Dam. ¯
rainfall years, while summer and fall flows haveAmerican shad and striped bass also occur in the
increased. Flows in.years with the highest rainfallfiver below Woodbridge Irrigation Dam. Highly
range from 1,400 to 2,800 cfs in summer and fall,variable flow and habitat conditions in the lower
and from 2,700 to 5,100 cfs in winter and spring, river have resulted in widely varying population
In driest years, spring and summer flows rangelevels of all these species. Before the completion
from 120 to 250 cfs, while fall and winter flowsof Camanche Dam in 1964, chinook salmon !~¯
range from 30 to 90 cfs. Spring flows in dry yearsspawned primarily between the town of Clements
have declined from the 400 to 1200 cfs range toand the canyon about 3 miles below Pardee Dam,

the 100-300 cfs range. Normal rainfall year springwith a few fish spawning upstream in the canyon
flows have declined from the 1,400 to 2,600 cfsbelow Pardee Dam and downstream between
range to the 200-500 cfs range. Clemenls and Lockeford.

Mokelumne River chinook salmon and steelhead
Historical Monthly Average Flow populations have failed to consistently achievei

~ .. ~ population levels believed possible following the
completion of Camanche Dam. The fall-run

3s0 ¯ -- chinook salmon population reached a peak of ,lit
-- slightly more than 11,000 in 1983, but declined to

~,2s0-~/~ ’ ~ less 410 spawners in 1991. (Note: The 11,000
~00-~.~ [ .-. ~ spawner estimate is not considered a reliable

~ -’~" escapement regression line.) Since the 1987
o , ., ~ ~ ,..,, ~ "j. through1992 drought, the population rebounded

J F ~ A M J J A S 0 N 0 to about7,775spawnersin1996.

[] NormalYear [] V~Yoar Presently, the majority of salmon spawning takes
Low~-Mokvlumn¢ River Flow at Woodbddg¢, 1972-1992 place in the 5 miles between Camanche Dam and

0~ y~r is th~ 20th p=~-nti]~ y~a~, norma~ y~ar ~s me Mackville Road, with 95% of the suitable spawn ....
50th pcrct~til¢ or median year:)

1
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ing habitat within 3.5 miles of the dam. Instreambass, to prey on juvenile salmonids that pass
flow releases following the completion ofdownstream over the dam or through the fish
Camanehe Dam provided insufficient habitat forladder. The dam also impedes upstream adult
anadromous fish spawning, rearing, and out-salmon and steelhead passage.
migration. Water temperature in the Mokelumne
River below Camanehe Dam, which is importantThe amount and condition of spawning and
for steelhead rearing, changes downstreamrearing habitat below Camanche Dam may limit
because of flow releases from the dam. Thethe chinook salmon and steelhead populations,
California Department offish and Game (DFG)although based the results of fisheriesupon
(1993) reeommended substantial inereases in flowmonitoring studies conducted since 1991,
releases, with specific monthly flows in L wet,EBMUD has seen no evidence that rearing habitat
normal, and dry years ranging from approximatelyis limiting in the lower Mokelurnne River.
100 efs to 450 efs, along with temperatureSpawning habitat for chinook salmon and
objectives during the summer steelhead rearingsteelhead is limited below Camanche Dam,
period. The U.S. Fish and Wildlife Servicebecause gravel transport down the river has been
(USFWS 1997) recommended evaluation ofdisrupted by Camanehe and Pardee Dams. Also,
spring flows to assist the outmigration ofthe stream channel has become armored in many
juveniles. USFWS (1997) also recommendedplaces from lack of new gravels, low streamflows,
improving fish passage at Woodbridge Dam andand levees constructed for flood control, The river.
replenishing spawning gravels. However, neithersupported 3,892 chinook salmon spawners in
flow recommendation was based on modeling1996 and gravel restoration since 1990 has
results that considered water supply, waterinCTeased the carrying capacity by.300 spawning
quality, and water temperatures, female salmon (Setka 1997). Rearing habitat

suffers from a lack of riparian shade vegetation
EBMUD prepared a comprehensive managementand c.over. There has also been a significant loss
plan for the lower Mokelumne River in 1992 that of riparian and riverine aquatic vegetation along
includes additiona! instream flows and non-flowthe lower river. In many years, including dry
erthaneement components. The Plan . wasyears, water temperatures are purposely increased
implemented voluntarily by EBMUD in 1993 and by drawing water off the epilimnion to provide
the Plan was further improved by implementingoptimum ’ salmonid rearing temperatures
components of the FERC Settlement Agreementdownstream of Camanche Dam. This is done to
in 1996.

Unscreened or poorly screened diversions alongt2,000
the lower Mokelunme River conlribute to the poor !
salmon and steelhead production on the river,t0,000l
Juvenile salmon and steelhead losses occur at the
Woodbridge Irrigation District water diversion at 8,000
Woodbridge Canal due to inadequate screening.:~

IThe North San Joaquin Water Conservation 6,000, .~ .....................................

District diversion, the second largest single4,000
diversion below Camanche Dam, is unscreened.
There are also numerous unscreened small2,000 .~.
irrigation diversions on the lower Mokelumne
River.

01965 1970 i975 1980 1985 1990 i995

Woodbridge Dam also provides conditions for Mok¢lumne River Fall-run Chinook Salmon,
predators, such as birds, squawfish, and striped 1965-1996.
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increase growth rates and speed smoltification soArmy Corps of Engineers (Corps) and operated by
chinook salmon will move through the Deltathe U.S. Bureau of Reclamation (Reclamation).
before being affected by high late spring waterThe conservation yield from the reservoir, with a ¯
temperatures in the Delta. gross pool capacity of approximately 325,000 af,

is contracted for municipal and agricultural use to
Calaveras County Water District and Stockton

5,000 East Water District. The dam and reservoir are
located in western Calaveras County near the

4,000 ............................................, .................................. town of Valley Springs.
/!

3,000
The Calaveras River drainage is almost entirely
b~low the effective average snow level; therefore,
the area receives runoff primarily as rainfall.

2,000 About 93% of the runoffoecurs from November
to April. The valley portion, of the river

1_,000 historically experienced frequent pedods of low
or no flow in late summer and early fail.

............ However, deep pools in the approximately 6-mile01965 t970 1975 1980 1985 1990 1995
reach from the dam to the town of Jenny Lind

Fall-run Chinook Salmon Returns to Mokehmm¢ River now provide suitable summer holding areas for
Fish Installation, 1965-1996. salmon and resident trout in all but the driest

years..
As mitigation for the loss of spawning habitat
between Camancla~-and Pardee Dams, EBMUD The monthly unimpaired flow pattern for the river
constructed a hatchery below Camanehe Dam.is typical of Sierra foothill streams, with most
The river below the hatchery was expected torainfall coming in winter. Streamflow varies
provide habitat for 5,000 chinook salmon and theconsiderably from year to year with rainfall varia-
hatchery wouldproduce 100,000 steelhead. Fromtions. The average annual streamflow is 240 efs
1964 through 1988, the hatchery received anwith the peak average monthly flows of 3,000 efs
average annual return of 490 adult salmon and 28in winter of wettest years. Summer and early fall
adult steelhead. This has improved in rec~m yearsflows are very low, and the channel is dry from
with an average annual hatchery return of 1,528July through October in low rainfall years.
chinook salmon during 1989-1996.

Historical flow data below New Hogan Dam
CALAVERAS RIVER ECOLOGICAL UNIT indicate a shift of the natural runoff pattern to

irrigation season releases from May through
The Calaveras River enters the San Joaquin RiverSeptember, with a slight decrease in the average
at StocktOn, draining approximately 362 squareflow (220 cfs) caused by evaporation and ...
miles in the foothills south of the Mokelumneupstream diversions. Because of the relatively
River with an average annual runoff oflarge capacity of New Hogan reservoir, non-
166,000 af. The river flows through Stockton and irrigation releases (spills) are confined to wet
enters the San Joaquin River channel in the Delta.years. In the highest rainfall years, average.
The ecological unit includes the lower Calaverasmonthly flows range from 1,400 to 2,800 cfs from
River from New Hogan Dam to the confluenceNovember through April. Irrigation season
with the lower San Joaquin River. releases generally range from 150 to 250 efs,

except in the driest years, when releases only
Flows On the Calaveras River are controlled byaverage 60 to 80 cfs from May through August.
New Hogan Dam, constructed in 1964 bythe U.S. Non-irrigation season minimum flows are
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generally 30 to 90 cfs, except in drier years, whenstressors. Together, the actions proposed for the
they average only 30 cfs or less. Calaveras River Ecological Unit will benefit fall-

:run chinook salmon and other fish, wildlife, and
Historical Monthly Average Flow. plant resources. New Hogan Dam operations may

have increased the frequency of salmon runs into
the Calaveras River, despite no requirements for

2so minimum flow releases. Since the completion of
the New Hogan project, returns of winter-run

..200 chinook salmon to the fiver were documented in
~lso 1972, 1975, 1976 (tidewater only), 1978, 1982

~10o (tidewater only), and 1984. Physical habitat
r conditions are adequate for.salmon spawnhag and

so rearing, which includes abundant sPawning gravel
and a dense riparian canopy. Streamflow is theo
principal limiting factor.

d F~ M A M d J A $ 0 N O

[] Normal Y ear ~ Off Year Another limiting factor is loss 0f juvenile salmon
into water diversions downstream of New Hogan

Lower Calave~s River Stmamflow b~low New Hogan Dam,
1970-1990 (Dry year is the 20th percentile year;, normal year is Dam. Stockton East Water District’s diversion is

lh¢ 50thpcrccnfil¢ormedian year.) presently unscreened. There are several other
unscreened diversions along the fiv~r.

Unimpaired Monthly Average Flow
Diversion channels that carry Calaveras River
water and act as migratory routes for salmon
below Bellota Dam include the original Calaveras
River channel, Mormon Slough, and the Stockton
Diverting Canal. In some..years, typically in
March, partial or complete blockage of adult
salmon migration coincides with placing approx-
imately 30 temporary irrigation dams in these
channels. Adult salmon are prevented from
reaching deep pools and spawning gravel above
Bellota Dam and are subject to poaching below

J F M A M J J A $ O N O the flashboard dams. Two Of the diversion
[] Normal Year [] Dry Year stlalctln’~s, Clements Dam and Cherryland Dam,

have been identified as barriers to salmon
Calav~as River Unimpai~d St~low

at Scnny Lind, 1970-1990 movement. The Bellota Dam (weir) blocks
(Dry year is the 20th percenfile yeax; normal year is th¢ upstream salmon migrants at flows below

50th per~ntile or median year.) approximately 200 cfs.

Although winter-run chinook salmon wereknown VISION FOR THE ECOLOGICAL
to occur irregularly in the Calaveras River, this
stock is not a focus of restoration in this ecolo- ZONE
gical zone. The Ecosystem Restoration Program
Plan (ERPP) focuses on restoring or re,creatingThe vision for the Eastside Delta Tributaries
ecological processes that support sediment supply,Ecological Zone is to improve the values of the
stream channel meander, and riparian and riverinerivers and riparian zones as fish and wildlife
aquatic habitat and eliminating or reducingcorridors from the delta to the upland and
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upstream habitats; restore tidal wetlands; createEcological Zone will be met and an acceptable
and maintain permanent freshwater marshes,level of ecosystem health will be achieved when
seasonal wetlands, floodplain habitat, spawningthe following visions have been satisfactorily
areas for splittail, and rearing, spawning, andattained.
foraging habitat for fall-run chinook salmon.
Elements to reach this vision include improved VISIONS FOR ECOLOGICAL UNITS
streamflow patterns, recormecting the river with
its floodplain, restoring riparian and fiverine COS~SRIVER]gCOLOGICALUN1T
aquatic habitat, reducing loss of salmon and
steelhead and other young fish at unscreenedThe vision for the Cosumnes River Ecological
diversions, and reducing fish passage problems, atUnit is to restore floodplains, seasonally flooded
diversion dams. Ecological health will be attainedhabitat, tidal wetlands, splittail and chinook
when levees are modified to allow seasonalsalmon rearinghabitat, sandhill crane habitat, and
floodplain inundation; chinook salmon anda riparian plant community. The fall-run chinook
steelhead populations reach target levels; habitatsalmon population can be sustained through
is improved for resident native fishes, sandhillimprovements in streamflow, . channel and
cranes, and migratory waterfowl; migrationfloodplain morphology, spawning and rearing
oorridors are improved for aquatic and terrestrialhabitat, fish passage at diversion dams, and
species; and riparian and stream channel habitatsreducing losses to unscreened diversions and
are restored, illegal harvest.

The vision focuses on improving streamflows andThe vision for the Cosumnes River includes
stream channel and gravel recruitment processesimproved streamflow and riparian habitat,
needed to support habitat for anadromousmodified floodplain and channel conditions,
salmonids and other fish species. Italso focusesreduced fish passage p~oblems and tmsereened
on res~c.:zag tidal wetlands, floodplains, seasonaldiversions. These actions will improve habitat
floodplain inundation, and natural flood regimes,conditions for fall-run chinook salmon and other
On the lower Mokelumne River, restoration willwildlife species. The flow regime is the primary
focus on habitat for fall=run chinook salmon andfactor affecting the size of the Cosumnes River
steelhead. On the Calaveras River, the emphasissalmon run. In drier years, the early portion of the
will be on providing the oppormuity for fall-runrun experiences difficulty negotiating the shallow
chinook salmon to successfully spawn andbar and shoal areas.
providing juveniles the opportunity to success-
fully emigrate fi~m the system. On the CosumnesAlthough there are only minor water storage
River, the focus will be on restoring floodplainreservoirs on the Cosumues River, streamflows
processes, seasonally flooded habitat, tidalare reduced by numerous small water diversions
wetlands, splittail and chinook salmon rearingandthe lowcring groundwater table. Most water is
habitat, sandhill crane habitat, and establishing an.d.).verted from the fast rains in the fall through
extensive riparian and riverine aquatic corridor,early summer, coinciding with instream flow
Throughout the basin, restoring and protecting aneeds for fall-run chinook salmon. Minimum
self-sustaining, diverse riparian community willinstream flow during the salmon spawning and
be emphasized to maintain nutrient and woodyrearing season may be needed. Additional
debris input to the aquatic system, enhance bankstreamflow is needed in dry and normal years to
stability and stream shading, and provide valuableensure survival of downstream migrating juvenile
habitat for a variety of wildlife species, salmon.

The ERPP envisions that the fish, wildlife, andAlso important to restoration will beremoving

riparian needs of the ~ Delta Tribut~iesexisting levees and constructing set back levees,
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implementing improved land management andimproving flows from spring through fall below
livestock grazing practices along stream/riparianCamanche and Woodridge dams. Higher and
zones, fish passage improvements at small dams,more natural flows will help steelhead move
screening water diversions, and improving gravelupstream during their traditional migrations in
recruitment and riparian habitats: late winter and spring. Higher flows will benefit

downstream migrating juvenile fall-run chinook
Riparian and aquatic habitat quality andsalmon and steelhead, as well as juvenile salmon
distribution will be improved by expanding theand steelhead migrating out of the Sacramento
width of the river floodplain through a program ofand San Joaquin Rivers and their tributaries
levee setbacks. In combination with other effortsthrough the Delta. These flows will also benefit
to improve floodplain safety and levee manage-stream channel and riparian vegetation processes
ment on the lower Cosumnes River, leveein the lower river, which in turn will benefit the
setbacks will allow natural river meanders to formfish.
and associated habitats to thrive. Greater flood-
plain width between levees reduces the need forHabitat improvements in the lower Mokelumne

-channel straightening and bank armoring at theRiver will improve natural production of these
expense of aquatic and riparian habitat. Flood-same anadromons fish. Improved spawning
plain land could continue to be farmed within thehabitat will increase salmon and steelheadyoung
levees, or conservation easements could beproducfion.Irnprovedstream eharmel and riparian .
acquired to expand riparian forest and seasonalvegetation will increase juvenile salmon and
wetland habitats along the river, steelhead survival. Floodplain stream channel and

habitat improvements will also benefit salmon and
Sandhill crane roosting and foraging habitat in thesteelhead by providing.valuable seasonal rearing
lower Cosumnes River will be protected by landhabitat.
acquisition through in-fee purchase or easement.

CALAVERAS R1VER ECOLOGICAL UNIT

MOKELUMNE RIVER ECOLOGICAL UNIT
The vision for the Calaveras River Ecological

The vision for the Mokelumne River EcologicalUnit is to restore and maintain important
Unit is to support self-sustaining fall=run chinookecological processes that support a sustainable
salmon and steelhead populations by improvingmigration corridor for fall-run chinook salmon
streamflows, riparian and SPA habitat, naturaland other terrestrial and aquatic species and their
sediment supply and gravel recruitment, and fishupstream habitat.
passage; reducing predation and illegal harvest;
eliminating unscreened and poorly screenedThe vision for the Calaveras River includes
diversions; and improving and upgrading hatcheryimproved stmamflow, gravel recruitment, flood-
facilities and management strategies, plain configuration, fish passage, riparian and

stream channel habitat, screening of diversions,.
The vision for the Mokelumne River includesand enforcement of fishing regulations. Proper
improved streamflow, gravel recruitment, flood- conditions will maintain more consistent fall-run
plain configuration, fish passage, salmonchinook runs.
spawning and rearing habitat, riparian habitat,
screening of diversions, and enforcement ofRestoring instream flows adequate tomaintain

fishing regulations. Under this vision, theanadromous fish habitat will be the focus dement.
Mokelumne River would better support naturallyMaintaining an adequate water temperature

steelhead fall-run chinook fish at irrigation dams,spawning trout, regime,improving passage
salmon, American shad, and resident nativeand reducing entrainment atwater diversions will
fishes. For the Mokelumne River, this meansalso be important.
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Physical habitat c~nditions are adequate forregeneration and nutrient input to the Delta and
salmon spawning and rearing, including abundant. help create seasonal habitat for splittail spawning.
spawning gravel and a dense riparian canopy.and the rearing and emigration of juvenile fish.
With appropriately timed flows .and other
improvements, fall-run chinook salmon could be CENTRAL VALLEY STREAM TEMPERATURES
maintained more consistently.

High stream temperatures limit or interrupt the
VISIONS FOR ECOLOGICAL natural life cycle of aquatic organisms. The vision

PROCESSES is that water temperatures below major dams will
be suitable for maintaining important aquatic
organisms and biological functions, such as

CENTRAL VALLEY STREAMFLOWS chinook salmon and steelhead spawning, egg

Instream flows are inadequate and need to be
development, and fry and juvenile rearing and

supplemented where possible, consistent with
emigration.

existing agreements. Increased flows would help UPPER WATERSHED PROCESSES
restore ecological processes an~ functions that
maintain habitats for important, aquatic andWatershed h~.alth above major dams is important
terrestrial species. The vision is that instreamto the long-term health of the Delta by providing
flows will be at levels that support restored
ecological processes and functions that maintain

high quality water and by moderating and meter-

and plant communities
ing the flow of water to the Delta. The vision is

importantfish,wildlife, that watershed health will be restored and
and their habitats,                                maintained developing and implementing water°

shed management plans that provide for reduced
NATURAL SEDIMENT SUPPLY             fire fuel loads and improved forest management

practices. High quality riparian habitat conditionsThe input of sediments into the riverine systems
will be maintained by improving rangeland

below major dams is inadequate to maintainmanagement practices and livestock stocking
ecological health. The vision is that gravellevels.
recruitment, transport, and cleansing processes
will be restored, reactivated, or supplemented to
a level that supports habitat for anadromous and VISIONS FOR HABITATS

other native fish populations and sustains self-
regenerating riparian and riverine plant SEASONAL ~"~;ETLAND HABrI:~AT

communities.
The vision is that increased seasonal flooding of

NATURAL FLOODPLA~ AND FLOOD leveed lands, use of the Butte Sinks’s natural
PROCESSES flood .detention capacity, protection and

enhancement of existing wetlands, and

Natural fiver-floodplain interaction has beendevelopment of cooperative programs with local

impaired by the construction of dams and levees,landowners will contribute to increased habitats

This seasonal inundation is needed to promotefor waterfowl and other wetland dependent fish

ecological health and restoration of importantand wildlife resources such as shorebird, wading

species. The vision is that floodplains along thebirds, and the giant garter snake.

Cosumnes, Mokelumne, and Calaveras Rivers
will be expanded, reconnected to their channels,Rn’ARIAN AND RIVERINE AQUATIC HABITATS

and seasonally inundated by increased stream
flows. These actions will support natural riparianRiparian plant communities are important to a

healthy ecosystem and contribute in many ways to
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sustaining fish and wildlife .populations. Thehabitats, and species and will not impair
vision is to restore diver~e, self-sustaining riparianrestoration efforts.
and shaded riverine aquatic habitat along the
lower reaches of the Cosumnes, Mokelumne, and HARVEST OF 1~IStt AND WILDLIFE
Calaveras Rivers.

The vision is to contribute to restoring important
VISION FOR REDUCING OR resident, estuarine, and anadromous fish specie~

ELIMINATING STRESSORS by managing legal and illegal harvest to protect
naturally spawning fish.

WATER DIVERSIONS                   ARTIFICIAL I~ROPAGATION OF FISH

The vision is to contribute to adult fish survival
and return by reducing the loss of juvenile aquaticThe vision is to improve and balance natural

chinook salmon and steelhead production in the
organisms intowaterdiversions. Mokelumne River with hatchery produced

])AMS~ RESERVOIRS~ WEIRS~ AND OTHER
populations.

STRUCTURES
VISIONS FOR SPECW, S

The vision is to contribute to restoring chinook
salmon and steelhead by improving up- and SACIIAMENTO SPLITTAIL
downstream fish passage at diversion structures.

The vision is to contribute to splittail restoration
INVASIVE Rll’ARIAN AND SALT MARSH PLAI~S by improving the riparian and stream meander

corridors and natural floodplains along the
The vision is to support riparian regeneration byCosumnes and Mokelumne Pdvers. The value of
controlling invasive (non-native) plants so thatthe seasonal habitat will be improved by late-
they do not impair efforts to restore naturalwinter and early-spring streamflows to provide
riparian and riverine plant communities, attraction flows for spawning adults and increased

spawning habitat.
I~REDATION AND COMPE’ITTION

CHINOOK SALMON
The vision is to contribute to restoring naturally
spawning chinook salmon and steelheadThe vision is to assist in fall-ran chinook salmon
populations by modifying hatchery practices andrestoration by:
instream structures, to reduce rotes at which
juvenile salmonids fall prey to predators. ¯ improving streamflows for passage,

~ - spawningo rearing, and emigration
CONTAMINANTS

improving gravel recruitment,
The vision is to reduce fish and wildlife losses due
to pesticides, hydrocarbons, heavy metals, and̄ providing water temperatures needed for
other toxins and contaminants, successful egg incubation and rearing,

LAND USE ¯ increasing riparian and. riverine aquatic
habitat, " ’

The vision is that appropriate land use activities
will contribute to restoring ecological processes,tt reducing or eliminating unscreen _ed diversions

and sources of contaminants, and
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[] operating Mokelumne River Fish Facility to GREATER SANDHILL CRANE
improve and protect naturally spawning fish.

The vision for greater sandhill crane is to
STEELItEAD TROIYr contribute to their recovery by improving foraging

andrestinghabitat.
The vision is to assist in of steelhead trout
restoration by:                                               WATERFOWL

[] improving streamflows for passage,Many species of resident and migratory waterfowl
spawning, rearing and emigration, will benefit from improved aquatic, wetland,

riparian, and agricultural habitats. Increase use of -
¯ improving gravel recruitment,-                 the Eastside Tributaries Ecological Zone.

Improved    seasonal    wetlands    and
[] providing water temperatures needed forfloodplain/stream interactions will be beneficial

successful egg inc.ubation and rearing, not only to waterfowl but other fishand wildlife
- reSOllrces.
¯ increasing riparian and riverine aquatic

habitat, INTEGRATION ~ O~R

[] reducing or eliminating unscreened diver- RESTORATION PROGRAMS
sions, sources of contaminants, and

Attaining the vision .for the Eastside Delta
=~ operating Mokelumne River Fish Facility to Tributaries Ecological Zone includes near-term

improve and protect naturally spawning fish.funding and implementing actions to achieve the
targets. This includes managing water project

RE.SI~F.a~ FISH SI, ECI~S operations, purchasing in-rifle or land easements
from willing sellers, cooperatively developing

The vision for resident fish species is to increaseand implementing a phased fish screening
their abundance and distribution by implementingprogram, acquiring and placing gravel in the
actions to improve stream channel, floodplairt,stream channel, and the performing engineering
and riparian processes, feasibility and design studies to improve fish

passage at dive,ion stmctures~
Gutter GAR~ Sr~ ~ WESTERN PO~

TURTI~ Along with the near-term actions, the vision ¯
includes cooperation and support of existing

The vision for giant garter snake and westernecosystem and species restoration efforts and
pond turtle is to maintain or expand existingpmgrams..Parallel efforts include developing and
populations by improving streamehamael, integrating local land use plans that embrace and
floodplain, and riparian processes, foster the objeetive.s of ERPP.

SWMNSON’S I~WK Long-term efforts that will enhance thd vision for
the Eastside Delta Tributaries Ecological Zone

The vision for Swainson’s hawk is that actions inand provide durable ecosystem restoration involve
the Eastside Delta Tributaries Ecological zone todeveloping and implementing watershed manage-
improve nesting and foraging habitat willment plans by land use agencies and evaluating
contribute to overall species recovery, flood management options.

I
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COSUNINES RIVER PROJECT encourages cooperative action to achieve and
maintain the objectives. The agreement

The Cosumnes giver Project is a multi-agencycontributes to the overall effort to improve the
effort to restore and protect the Cosumnes Riverecological health of the Mokelumne giver
ecosystem. The Cosumnes giver ProjectEcological Unit by establishing a $2 million
encompasses a 10,695-acre project area. Partnerspartnership fund, encouraging voluntary partiei-
in this effort include The Nature Conservancy,pation of local interests, establishing a lower
Bureau of Land Management, County ofMokelumne River stakeholders group, and
Sacramento, Department of Water Resources,recommending ecosystemprotection and
Department offish and Game, Ducks Unlimited,improvement priorities.
Environmental Protection Agency, Wildlife
Conservation Board, and the American FarmlandEfforts in the Eastside Delta Tributaries
Trust. Actions sponsored by the Cosunmes giverEcological Zone will require cooperation from
Project will complement efforts undertaken by theresource agencies, such as DFG, the California
ERPP to restore ecological health of theDepartment of Water Resources (DWR),
Cosumnes River Ecological Unit. California Department of Forestry and Fire

Protection, State Water Resources Control Board,
CENTRAL VALLEY PROJECT IMPROVEMENT USFWS, USFS, U.S. Bureau of Land

ACT Management and the National Marine Fisheries
Service (NMFS), ~ well as participation and

Restoring and maintaining ecological processessupport from the Corps, Reclamation, Natural
and functions in the Eastside Delta TributariesResource Conservation Service, other private
Ecological Zone will augment other importantorganizations, water districts, and individual land
ongoing and futur~ restoration efforts for theowners. These groups are expected to work
zone. The program proposed by the CVPIA will together to restore and maintain ecosystem health
complement efforts of the USFWS" Anadromous in this zone. This program may provide funding
Fish Restoration Program. The goal of thefor the restoration measures included in the
program to average number of visions.is doublethe
anadromous fish that was produced naturally in
the system from 1967 through 1991. CF2¢rRAL VALLEY HABrrAT Joker Vv.rcrtrRg

SALMON, STEELIIEAD TROUT AND The Central Valley Habitat Joint Venture and the
ANADROMOUS FISItERI~S PROGRAM ACT (SB North American Waterfowl Management Plan

2261) have developed objectives .for wetlands in the
Eastside Detta Tributaries Ecological Zone. These

The vision will also help the DFG reach its goalobjectives are consistent with the ERPP targets
of doubling the number of anadromous fish thatdeveloped .for this ecological zone.
were produced in 1988.

LINKAGE TO OTRER
PRINCIPLES OF AGREEMENT BETWEEN EAST

BAY Mtrmcn, AL Urmrrr D~saaucr, U.S. ~_sr~ ECOLOGICAL ZONES
AND WILDLIFE SERVICEr AND CALIFORNIA

DEPARTMENT OF FISH AND GAME The ecosystem health of the Eastside Delta
Tributaries Ecological Zone depends on

This agreement protects and maintains theconditions in the Sacramento-San Joaquin Delta
purpose of the EBMUD’s Mokeltmme giver Ecological Zone. Because these tributaries are
Project, protects the anadromous fishery anddirectly linked to the Delta, stressors there
lower Mokelumne giver ecosystem, and(entrainment, water quality) have a significant

Volume II: EcoSystem Restoration Program Plan
~t4~ilXx Eastside Delta Tributaries Ecological Zone Vision

~ ~ Draft: March 1998
35I

C--006973
C-006973



effect on resources, such as anadromous fish, inTARGET 1: For the Cosumnes River, where a
this zone. Conditions in San Francisco Bay ~nd’ natural streamflow pattern presently exists with
the Pacific Ocean can also have a significant~ natural winter and spring streamflows, the target
effect on anadromous fish. is to maintain or restore natural summer and fall

base flows (~,).
Reducing or eliminating stressors in the down-
stream ecological zones will be important inPROGRAMMATIC ACTION 1A: Improve summer
restoring healthy fish and wildlife communities inand fall base flows on the Cosumnes River by
theEast.sideDeltaTributariesEcological Zone. developing new water supplies along the river and"

by purchases from willing sellers.

IMPLEMENTATION
PROGRAMMATIC ACTION 1B: Cooperatively

OBJECTIVES, TARGETS, AND develop a program to minimize or eliminate
PROGRAMMATIC ACTIONS unpermitted water diversions on the Cosumnes

River, and review water allocation for the entire

Targets developed for the Eastside Deltabasin.

THbutaries Ecological Zone can be classified by
their reliability in contributing to attainment of thePROGRAMMATIC ACTION lC: Cooperatively

implementation objectives. The target develop a groundwater replenishment program to

classification system used in the following sectionraise the water table in the Cosumnes River

is as follows: floodplain.

Class Description TARGET2: The target for the Mokelumne River

¯ , Target for which additional research, is to provide conditions to maintain the fishery

demonswation, and evaluation is needed to and riparian resources in good condition by
determine feas~ility or ecosystem response, implementing and evaluating the flow regime in

the Principles of Agreement (POA) for
4~ Target which will be implemented in stagesMokelumne River. The POA provides increased

with the appropriate monitoring to judge flows below Camanehe Darn beyond present
benefit and success, requirements, which will benefit the fishery and

riparian resources of the lower Mokelunme River
~ Target that has sufficiem certainty ofsuccess(~’~)-

to justify full implementation, in accordance
with adaptive management, program priority PROGRAMMATIC ACTION 2A: Provide target
setting, and phased implementation, flows for Mokelumne River sto .rage releases, but

-~- only ff there are sufficient inflows into storage
ECOLOGICAL PROCESSES reservoirs and carryover storage to meet target

levels. The additional water would be obtained by
~ VALLEY STRFAlVlFLOWS developing new water supplies within the Central

Valley basin, water transfers, and from willing
IMPLEMENTATION OBJE~: The implementa- sellers.
tion objective for Central Valley streamflows is to

basic hydraulic conditions to reactivate PROGRAMMATIC ACTION 211: Maintain orrestore
and maintain ecological processes that create andenhance summer and fall base flows on the
sustain habitat required for healthy fish, wildlife,Mokelumne River by developing new water

and plant populations, supplies and by purchases from willing sellers.

1
Volume 1I: Ecosystem Restoration Program Plan            "~r

~tside Delta Tributaries Ecologicat Zon~ Vi~.:r~
Draft: March ~ 99~           ~

352

C--006974
(3-006974



i
TARGgr 3: The ~arget also is to provide enhancedthe Central Valley basin, water transfers, and from
streamflows below Woodbridge Dam by willing sellers.
providing minimum flows recommended by DFG

~

in dry years: 200 cfs from.November 1 throughPROGRAMMATIC ACTION 5B: Cooperatively

i April 14; 250 efs from April 15 through April 30; develop a program to minimize or eliminate
300 efs in May; and 20 cfs from June 1 throughunpermitted water diversions on the Calaveras
October 31. In normal years, minimum flowsRiver.
should be 250 efsfrom October 1 through October

300 cfs October 15 PROGRAMMATIC ACTION 5C:14; from throughFebruary 29; Cooperatively
- 350 cfs during March; 400 cfs during April; 450 evaluate the potential for resizing criteria at New

efs during May; 400 cfs during June; 150 cfsHogan Reservoir on the Calaveras Riverto yield
during July; and 100 cfs during August andadditional water for instream flow needs while
September. In wet years, minimum flows shouldmaintaining orimproving floodcontrol
be 300 cfs from June 1 through October 14; 350 requirements.
cfs from October 15 through February 29; 400 cfs
in March; and 450 cfs during April and May (~). PROGRAMMATIC ACTION 5D: A flow event

should be provided in late February or early
PROGRAMMATIC ACTION 3A: Cooperatively March, averaging 100 to 200 cfs in dry years, 300
evaluate the potential for minimizing water supplyto 400 cfs in normal years, and 600 to 800 cfs in
impacts by replacing the diversions atwet years. Such flows would be provided only
Woodbridge with other Delta diversions, when inflows to New Hogan Reservoir are at

these levels
PROGRAMMATIC ACTION 3B: Cooperatively

, develop a program to minimize or eliminate~TIONALE: Inadequate instream flows have
unpermitted water diversions on the Mokelumnebeen..identified as a limiting factor for
River. anadromous fish and other aquatic resources in

i the eastside Delta tributary streams. For example,
TARGET 4: A fl0w event should be provided in the Cosurrmes River receives most of its water
late April or early May, averaging 500 to 1,000 from rainfall due to the low elevation of its

i cfs in dry years, 1,000 to 2,000 cfs in normal headwaters and the lower reaches ofthe river are
years, and 2,000 to 2,500 efs in wet years (~). often dry until the fall rains occur. As a result,

adult fish must await the runoff following rains in
PROGRAMMATIC ACTION 4A: Develop a late October and November before ascending to

,~ cooperative feasibility study of opportunities tothe spawning areas between Michigan
provide spring flow events. Sloughhouse. Although there are no water storage

reservoirs on the Casumnes River, there ai, e 157
~1 TARGET 5: For the Calaveras River, where the registeredappropriative water rights (7.£S. Fish
~.- natural streamflow has been greatly altered,and Wildlife Service1995). Most water is diverted

streamflows should be enhanced below Newfrom the first rains in the fall through early
, Hogan Dam by the minimum flows recommendedsummer, coinciding with instreamflow needs for

by DFG (40. fall-run chinook salmort USFWS recommended
an evaluation of instream flow requirement to

I PROGRAMMATIC ACTION 5A: Provide target ensure adequate flows for all life stages of all
flows for the Calaveras River from storagesalmonids.
releases, but only if there are sufficient inflows

I into storage reservoirs and carryover storage toDFG (1993) recommended revised minimum flow
meet target levels. The additional water would beschedules for the lower Mokelumne River. :ln
obtained by developing new water supplies within 1996, the Principles of Agreement was signed
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between EBMUD and the resource agencies. The for a finer assessment of wate~ availability. The
P OA provides significantly improved fish flows : target flows, however, provide a possible target
for the Mokelumne River (including higher for further enhancement of the Mokelumne
minimum flows below Camanche Dam) and resource.
gainsharingfor additional flows between EBMUD
and the environment. It incorporates a broader The Calaveras River drainage is almost entirely
ecosystem approach for managing the Mokelumne below the effective average snow level and thus
River resources, receives runoff primarily as rainfall. Historically,

the valley portion of the river commonly
The l~OA flows for the Mokelumne River follow, experienced periods of low or even no flow for

many days or weeks in the late summer and early
¯ In normal and above normal water years, the fall (California Department of Fish and Game

recommended flows at Camanche Dam are 1993). Chinook salmon rzo~ into the river were
325 cf~ from October I to April 30, 599 cfs in known to occur irregularly. There are currently
May, 703 cfs in June, 481 cfs in July, 401 cfs no requirements to maintain flow releases for

- in August, and 272 cfs in September.. fisherypurposes.

¯ In below normal years, the recommended A preliminary instreamflow study (~.S. Fish and
flows at Caraanche Dam are 250 cfs from Wildlife Service 1993) indicated that between 50
October I through March 31, 294 cfs in April, and 225 cfs, depending on time of year and water
444 cfs in May, 526 cfs in June, 393 cfs in year type, is needed to provide spawning and
July, 343 cfs in August, and 233 cfs in rearing habitat for chinook salmon..4 complete
September. instream flow incremental methodology study is

"- needed, however, to further define flow needs.
¯ In dry years the recommended flows at Since the Calaveras River water supply is already

Camanche Dam are 220 cfs from October I " over-allocated, the means of providing additional
through March 31, 294 cfs in April, 394 cfs in instream flows also need to be considered The
May, 358 cfs in June, 393 cfs in July, 343 c~ resizing of flood control criteria at New Hogan
in August, and 233 c.fs in September. Reservoir has the potential to yield additional

watertomeetinstreamflow needs.
¯ In critically dryyears the recommendedflows

at Camanche Dam are 1 O0 cfs from October NA~ SE~I1VIE1W£ SUPPLY
1 through 15, 157 cfs from October 16
through 31, 133 cfs in November, 147 cfs in IMI~I.~.aMENTATIONOBJEC’TIV~." The implementa-
December, 142 cfs in January, 135 cfs in . tion objective for natural sediment supply is to
February, 157 cfs in March, 221 cfs in April, establish sufficient quantities to riverine and
236 cfs in’May,.298 efs in June, 271 cfs in estuarine systems to restore or reactivate stream
July, 232 cfs ¯in August, and 172 cfs in channel meander and point bar formation, provide
September. sediments to rebuild w~tlands and shallow-water

habitats, and provide for nu~ient transport ¯
,4lthough the 1993 DFG flows for the Mokelunme
River are presented as enhancement targets to be TARGET 1: On the Mokelurane Kiver below
achieved when possible, these target levels need Camanehe Dam, provide annual supplementation
further review andshould be a subject ofadaptive of 1,200 to 2,500 cubic yards of gravel into the
management and focused research. The DFG active stream channel to maintain, quality
flows were not developed withfull consideration spawning areas and to replace gravel that is
of upstream water quality, reservoir storage, and transported downstream (...).
water temperatures, which need to be addressed
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PROGRAMMATIC ACTION 1A: Develop a spawning gravel at selected sites in lower
cooperative program to evaluate, implement, andMokelumne and Calaveras Rivers.
monitor sediment supplementation on the
Mokelumne River, consistent with adaptivePROGRAMMATICACTION~E: Develop a coopera-
management, tire program on the Cosumnes River to relocate

sand and gravel extraction activities to areas
TARGET 2: On the Calaveras River, provide forbeyond the natural stream meander corridor.
the annual recruitment of 500 to 1,000 cubic yards
of gravel into the active stream channel (~,). TARGET 4: Restore channel gradient and stream

profile in the Cosumnes River between Twin
PROGRAMMATIC ACTION 2A: Cooperatively Cities Road and Highway 16 (,~).
develop a program to protect all existing gravel
recruitment sources to the rivers.                   PROGRAMMATIC ACTION 4A:, Develop a

cooperativ,e program to assess the feasibility of
PROGRAMMATIC ACTION 2B: Develop a reversing head cutting and sB’.eam channel
cooperative program to suppleLnent gravel withincision in the Cosumnes River.
artificial introductions.

P~41"IONAL~." Recruitment of suitable salmonid
PROGRAMMATIC ACTION 2C: Develop a spawning gravel below Camanche Dam on the
cooperative program with the aggregate (sand andMokelunme River is minimal. Most gravelpresent
gravel) resource industry to improve extractionis in the small range of the preferred sizes used by
activities within the Mokelunme River floodplain,spawning chinook salmon. Targeted levels are to

maintain processes linked to sediment supply,
TARGET 3: Restore gravel transport and cleaningstream channel meander, arid riparian and
processes to attain sufficient high quality salmonriverine aquatic habitat. This program will be
spawning habitat in each of the three streams forsubject to adaptive management, focused
target population levels (~). research, and monitoring, and thus is considered

short-term until a detailed evaluation ismore
PROGRAMMATIC ACTION 3A: Develop a completed.
cooperative program to provide late winter or
early spring flow events, as needed, to establishFlood stage for the lowerMokelurane River is
appropriate flushing/eharmel maintenance flows.5,000 cfs. Preliminary data suggest that spawn-

ing-sized gravel for adult salmonids ’(29FG 1991,
PROGRAMMATIC ACTION 3B: Facilitate fine Bjorn and Reiser 1991) do not begin moving in
sediment transport by restoring, as necessary, thethe lower Mokelunme River until flows of 3, 000
river channel configuration so that it is consistentcfs or more are reached (Envirosphere 1988).
with planned flow regime and available sedimentEven at.5, 000 cfs (flood stage), the largergravel
supply, does not .move. Significant impacts occur to

property along the lower Mokelumne River at
PROGRAMMATIC ACTION 3C: Develop a flowsabove2,5OOcfs. It would not be pracfical to
cooperative program to improve the flexibility ofplace supplemental gravel along the entire reach
upstream reservoir management to minimize f’meof the lower Mokelumne River because numerous
sediment inputs to the lower Mokelumne androads would have to be constructed for access.
Calaveras Rivers. The environmental impact of these roads would

negate any benefit from the addition of spawning
I~ROGRA.MMATIC ACTION 3D: Develop a gravel. Therefore, a gravel supplementation
cooperative evaluation of mechanically cleaningprogram on the Mokelumne River would have to

be long-ierm and gravel injected at the upper ena~

~ ~
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The development of an addition gravel injection TARGET 1: Restore and improve opportunities
site lower in the river might be beneficial

for(..~).rivers to seasonally inundate their floodplain

Flow regulation has reduced the frequency and
magnitude of high flow events in the lower PROGRAMMA~C ACTION 1A: Conduct a
Mokelumne River. Due to the reduction in high feasibility studyto oonstruet setback levees in the
flows and excessive input of fine sediments, Mokelurnne River floodplain in the area from
sediments accumulate in salmonid spawning Elliot Road to Woodbddge and from Woodbridge
gravel and degrade habitat. BioSystems (1992) to the mouth, including the Mokelumne forks
reported that over 70%" of the substrate samples below the river’s mouth.
taken in 1991 and 1992 from chinook salmon
redds contained amounts of fine sediment less PROGRAMMATIC ACTION 1B: Restore, as
than 0.48 mm in diameter, which is detrimental to needed~ stream channel and overflow basin
egg survival (Chapman 1988). The need for configurations w.ithin the floodplain.
salmonid spawning gravel restoration is also
identified by DFG (1993) and USFWS (1997). PROGRAMMATIC ACTION 1C: Minimize effects

of permanent structures, such as bridges and
Gravel supplementation programs should be diversion dams, on floodplain processes.
subject to adaptive numagement, monitoring, and
focused researcK The frequency and amount of PROGRAMMATIC ACTION 1D: Develop a
supplementalgravel will vary greatlyfromyear to floodplain management plan for the Mokeltmme
year. Physical monitoring c~ record observable River.
changes in the size and distrilrution of gravel,
while biological monitoring can record use of new PROGRAMMATIC A~’ION 1E: Develop a
gravel by anadromous fish and invertebrates, floodplain management plan for the Calaveras
Focused research is needed to calculate annual River.
bedload movement, gravel quality, infiltration,
and intragravelwaterquality. PROGRAMMATIC ACTION 1F: Develop and

implement a cooperative program to evaluate the
Mechanical means to clean gravel should be feasibility of reconnectingthe Cosunmes River to
evaluated. This could be a focused research its historical floodplain in areas where the river
project. Due to water quality constraints and the has become entrenched.
presence of juvenile anadromous and other fish
species, the window for gravel cleansing may be PROGRAMMATIC ACTION 1G: Cooperatively
short. This concern should be included in the develop and implement a feasibility study oh the
feasibility analysis. Cosurnnes River to identify opportunities to

improve.sediment transport, stream meander, and
NATURAL FLOODPLAIN AND FLOOD maintain the natural flow pattern.

RATIONALE: Setback levees will provide greater
IMPLEMENTATION OBJECTIVE: The implemen- floodplain immdation, room for stream mecouter,
ration objective for natural floodplains and floodand greater amounts of riparian forest and
processes is to modify channel and basinseasonal wetlartdhabitatsalongthelowerrivers.
configurations to improve floodplain functionChannel configuration ddjustments may be
¯along rivers and streams in the Sacramento-Sannecessary to accelerate restoration of natural
Joaquin basin, floodplain habitats and to restore and maintain

’ configurations that may not occur naturally due to
remaining constraints from new setback levees.
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Permanent structures, such as bridges and diver- lCATIONALE: Water temperatures in the lower
sions dams, can interrupt and impair natural Mokelumne, Calaveras, and Cosurrmes Rivers are

l floodplain and habitat development and ’ often at stressfully high levels for fall-run chinookprocesses
succession, thus requiring removal of the salmon early in the spawning run, and again in
structures, rebuilding, or some continuing main- the spring when young salmon are migrating
tenance or mitigative efforts to minimize their downstream to the Delt~ The problem is
effects. Some reaches of the Cosumnes River especially acute downstreamof Camanche Dam,
upstream of Twin Cities Road have become where water temperature depends on release
entrenched, and even setback levees will not raise temperature, prevailing weather conditions, and
the level of the river bed to the point where the flow rate. From April to mid-October, the closure
historical floodplain is again functional. This of Woodbridge Dam and subsequent filling of
requires a feasibility analysis to identify causes of Lake Lodi results in the slowing offlow, allowing

’ the stream channeldegradation andidentification the water to warm. Differences in water
of potential remedial measures, temperature between Camanche and Woodbridge

l Dams have been measured up to 16.2 °F during
.... CENTRAL VALLEY STREAM TEMPERA TLrI~S dry years (Walsh et al. 1992) ~ Higher flow, colder

water, and riparian woodlaruts may reduce this
IMPLEblENTATION OBJECTIVE: The implementa- water heating during the fall upstream spawning
tion objective for Central Valley stream run and spring downstream migration of young to
temperatures is to rnaintain,’improve, and restorethe Delta.
water temperature regimes to meet the life-history
needs of aquatic organisms. Releases of l’ardee Reservoir water into

.;~ TARGET 1: Maintain mean daily water Camanche Reservoir should coordinated to
temperatures at or below levels suitable for all life maximize the effectiveness of the Camanche
stages of fall-run chinook salmon and steelheadcoldwater pool. Timely releases of cold water
(@~). from Pardee Reservoir can extend the period and

increase the value of coldwater releases fromi PROGRAMMATIC ACTION 1A: Camanche Reservoir.Cooperatively
evaluate the feasibility of releasing sufficient
instream flows to improve temperatttre conditionsWater temperatures in the Calaveras River are

l ’
for key resources in the Mokelttmue andclosely associatedwithinstreamflows, reservoir
Calaveras Rivers. release schedules, and pool size at New Hogan~

Reservoir (7.£.S. Fish and Wildlife Service 1993).
PROGRAMMATIC ACTION 1B:    Establish Temperatures often exceed stressful or lethal

’ minimum pool size at N~w Hogan Reservoir tolevels for chinook salmon migration, spawning,
ensure cold-water releases into the Calaverasegg incubation, and rearing. An improved
River. temperature.,regime could be achieved by

maintaining a minimum pool at New Hogan
PROGRAMMATIC ACTION 1~2: Cooperatively ,=- Reservoir and adequate instream flow releases
develop reservoir and stream temperature models(U.S. Fish and Wildlife Service 1993). The
for the Calav.eras River to identify potential forappropriate minimum pool size needs to be
water temperature improvement, determined. Reservoir and stream temperature

computer models are also needed to identify the
PROGRAMMATIC ACTION 1D: Manage Pardee potential for maintaining suitable water
and Camanehe Reservoirs through October totemperatures for chinook salmon and to weigh the

l maintain a cold water volume of 28,000 af whenconflict between coldwater releases and loss of
Pardee Reservoir volume exceeds 100,000 at’. carryover storage necessary to provide coldwater
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releases later in the season or the following will also provide supplemental benefits to upper
year(s). :watershed habitats and species.

Riparian woodlands along all three rivers are ]~BITATS
essential for shade to minimize heating of the

This is especially important along the GENERAL HABITATRA~IONALE
Casuranes River, because there is no source of
cold reservoir bottom water as there is below . Restoring seasonal wetland habitats along with
Camanche NewHoganReservoirs. other a~uatic, permanent wetland, and riparian

habitats is an essential element of the restoration
UPPER WATERSHED PROCESSES           strategy for the Eastside Tributaries Ecological

Zone. The ecological units in this zone are closely
IMPLEMENTATION OBJECTIVE: Restoreecologi- linked to the Sacramento/San Joaquin Delta
eal processes in upper watersheds that affect waterEcological Zone, particularly the East Delta
quantity and quality of the Bay-Delta and itsEcological Unit. The lower sections of thedyers and tributaries. - Eastside ecological units overlap the East Delta

Ecological U_nit so it is important to consider
TARGET 1: Restore upper watershed processeshabitat restoration recommendations in the Delta
that maintain or improve water quality andwhen evaluating needs in the Eastside Tributaries.
quantity (~). For example, the following programmatic actions

apply to the East Delta Ecological Unit:
PRO~;~ TICACTION Reduceexcessive

: fire fuel loads in upper watersheds using natural̄ restore 1,000 acres of shallow-water habitat
Pr°eesses: (tidal perennial aquatic habitat) at the

eastern edge of the East Delta Ecological
PROGRAMMATIC ACTION 1B: Improve forestry Unit,
management practices, including timber
harvesting, road building and maintenance, and̄ develop 200 acres of open-water areas
livesto:,~ grazing. (nontidal perennial aquatic habitat) in the

PROGRAMMATIC ACTION 1C: Develop a
East Delta Ecological Unit,

watershed management plan for the Cosumnes̄ develop 300 acres of shallow, open-water
River Watershed up~:’e, am of Mizhigan Bar. areas (nontidal perennial aquatic habitat)

within restored fresh emergent wetland
PROGRAMMATIC :~ION 1D: Develop a habitat in the East Delta Ecological Unit,
watershed manage:~. ,.~,’~t plan for the Calaveras
RiverWatershedupstream HoganDam. ¯ in the short-term, restore 10 miles ofslough

.habitatand 30 miles in the long-term in the
PROGRAMMATIC ACTION 1E: Cooperatively East DeltaEcologicalUnit,
develop a watershed health monitoring program.

¯ restore tidal action toportions of islands and
RA170NALE: Improved watershed processes will tracts in the East Delta Ecological Unit with
maintain and restore seasonal water runoff appropriate elevations, topography, and
patterns, water yield, and water quality and water-landform conditions,
reduce sediment load to downstream storage
reservoirs (reducing storage capacity arm ¯ develop tidal freshwater marshes (fresh
improving water quality). Healthier watersheds emergent wetland habitat) along the upper

Volume
Eastside Delta Trilmtaries F~:ologieal Zone Vision

Draft: March 1998
358

~--006980



enc~ of dead-end slough in the East Delta TARGET 1: Protect existing seasonal wetland
Ecological Unit, habitat through fee acquisition or perpetual

easements ().
¯ restore 1,000 acres of nontidal fieshwater

marshes (fresh emergent wetland habitat) in PROGRAMMATIC ACTION 1A: Develop and
leveed lands designated for floodplain implement a cooperative to improveprogram
overflow adjacent to the dead-end sloughs in management of existing, degraded seasonal
the East Delta Ecological Unit, wetland habitat.

¯ restore and manage at least 6,000 acres of RATIONALE:Restoring these habitats will also
additional seasonal wetland habitat and reduce the amount and concentrations of
improve management of 1,000 acres of contaminants that could interfere with restoring
existing, degraded seasonal wetland habitat the ecological health of the a .~c ecosystem
in the East Delta Ecological Unit, Seasonal wetlands support a high production rate

of primary and secondary food species and large
¯ _ restore 8 to 15 miles of riparian and riverine blooms (dense populations) of aquatic

aquatic habitat in the East Delta Ecological invertebrates.
Unit of which 40°/6 is more that 75 feet wide
and 20% over 300feet wide, Wetlands that are dry in swnmer are also efficient

sinks for the transformation of nutrients and the
¯ develop a cooperative program to restore breakdown ofpesticides and other contaminants. "

1,000 acres of perennial grassland in the East The roughness of seasonal wetlartar vegetation
Delta Ecological Unit through either filters and traps sediment arut organic
conservation easements of purchase fi~.om particulates. Water flowing out from seasonal
willing sellers, and wetlands is t~Tically high in foodweb prey species

concentrations and fine particulate organic
¯ generally, cooperativelymanage agricultural matter that feed many .,Delta aquatic and

lands in a wildlife friendly manner, semiaquatic fish and wildlife. To capitalize on
these functions, most of the seasonal wetlands of

SEASOt~AL WETLANDS the Eastside Delta Tributaries Ecological Zone
subject to periodic floodingshouldbe

IMPLEI~ENTATION OBJECTIVE: Restore and overland flow from river floodplains.
manage seasonal wetland habitat to:

¯ restore foodweb and floodplain processes, AQUATIC HAB. ITATS

[] reduce the effects of contaminants and waterIMPLEMENTATION OBJECTIVE: The implementa-
management on the Delta’s aquatic resources;tion objective for riparian and riverine aquatic
and habitats is to restore riparian scrub, woodland, and

forest habitat along largely nonvegetated
¯ provide high-quality foraging and restingriprapped banks of Delta island levees, the

habitat for wintering waterfowl, greater Sacramento and San Joaquin Rivers, and major
. sandhill cranes, and migratory and wintering tributaries of the Sacramento and San Joaquin
shorebirds. Rivers. This will create riparian vegetation

corridors to provide SRA co,~er for anadromous
This will help to restore and maintain the, and other fish species, and to create high-quality
ecological health of the aquatic resources in andhabitat for associated special-status plant and
dependent on the Delta. animal species and other wildlife.
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TAI~GETI: Restore a minimum of l~240 acres of PROGRAMMATIC A~ION 2E: Develop a
self-sustaining or managed diverse natural cooperative program to restore riparian woodlands
riparian habitat along the Mokelumne River, and along the entire Cataveras River.
protect existing riparian habitat

TARGET3: Restore a minimum of 1~240 acres of
PROGRAMMATIC ACTION 1A." Develop a self-sustaining Or managed diverse, natural
cooperative program to restrict further riparian riparian habitat along the Costmmes River, and
vegetation removal, and establish riparian protect existing riparian habitat (~)~).
corridor protection zones.

PROGRAMMATIC ACTION 3A: Develop a
PROGRAMMATIC ACTION 1]): Develop a cooperative program to restrict further riparian
cooperative program to implement riparian vegetation removal, and establish fipaxian corridor
restoration activities, protection zones.

PROGRAMMATIC ACTION 1(2: Encourage PROGRAMMATIC ACTION
improved land management and livestock grazing cooperative program to implement riparian
practices along stream riparian zones, restoration activities.

PROGRAMMATIC ACTION lm Purchase PROGRAMMATIC ACnON
stmambank conservation easements from willing improved land management and livestock grazing
sellers to widen riparian corridors, practices along stream riparian zones.

PROGRAbIMATIC ACTION 1E: Develop a PROGRAMMATIC ACTION 31):    Purchase
cooperative program to restore riparian woodlands stmarnbank conservation easements from willing
along the entire Mokelumne River. sellers tO widen riparian corridors.

TARGET:Z: Restore a minimum of 1,240 acres of PROGRAMMATIC ACTION
self-snstaining or managed diverse, natural cooperative program to restore riparian woodlands
riparian habitat along the Calaveras River, and along the entire Cosumnes River.
protect existing riparian habitat (~).

RATIONAI~" The DFG is developing a strategy to
PROGRAMMATIC ACI’ION 2A: Develop a ea~lish a stream corridor protection zone on the
cooperative program to restrict further riparian Cosurfmes River to prevent incompatible land use
vegetation removal. Establish riparian corridor from affecting existing salmonid habitat Riparian
protection zone~ along all three dyers, vegetation along the lower Mokelwrme River is

diminishing (7.L.S. Fish and Wildlife Service ]993),
PROGRAMMATIC ACTION :Z]): Develop a however, EBMUD arml the Natural Resources
cooperative program to implement riparian Conservation Service are developing a strategy
restoration activities, for ~stablishing a stream corridor protection zone

on the lower Mokelumne River. In marry areas,
PROGRAMMATIC ACTION 2C: Encourage there is no regeneration along the relatively thin
improved l.and management and livestock grazing riparian corridor (California Department offish
practices along stream riparian zones, and Game 1991). Riprapping long sections of

streambank has reduced tree growth and
PROGRAMMATIC ACTION 2D:    Purchase decreased stream shading, reszdting in increased
streambank conservation easements from willing stream temperatures (East Bay Mzazicipal Utility
sellers to widen riparian corddors~ District 1994). Bankaide erosion has potentially

k’olume
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affected salmonid production in several areas of drier years. During the winter and spring,
where livestock grazing is permitted, unscreened diversions between the spawning

~ areas and the river mouth are apotential threat to
STRESSORS juvenile salmon.

WATER DIVERSION Stockton East Water District has an appropriative
water right to divert up to 100 cfs from the

IM:PLEaMENTATIONOBJECTIVE." The implementa- Calaveras River. This diversion is currently
tion objective is to reduce entrainment of juvenileunscreened. There are several other unscreened
fish into water diversions to increase survival anddiversions along the river. It is probable that
population abundance to levels that contribute tojuvenile salmon losses occur during years when.
the overall health of the Delta and other beneficialchinook salmon enter and spawn in the Calaveras

uses of land and water. River (California Department offish and Game
1993).

TARGET 1: Install fish screens representing the
best available technology and operationalOn the lower Mokelumne River, more than 90
constraints, as necessary, to minimize losses hapumps withdraw water from the river between
diversions that limit the recovery of fishCamanche Dam and the Delta~ Few, if any, are
populations (~,~). screened to prevent fish entrainment (BioSystems

1992). The Woodbridge Irrigation District (WID)

I~ROGRAMMATIC ACTION 1A: Consolidate diversion at Woodbridge Canal allows juvenile

diversions, seek alternative water sources, andchinook salmon and steelheadlosses, because the
install a permanent fish screen at North Sanscreen does not meet present DFG criteria for
Joaquin Conservntion District diversion on theapproach velocity and mesh size, nor does it
lower Mokelumne River. effectively screen the opening of the diversion

(California Department offish and Game 1993).

PROGRAMMATIC ACTION 1B: Improve fish North San Joaquin Water Conservation District is
screens and the fish bypass system at Woodbddgethe secondlargest diversion below Camanche
Dam on the lower Mokelttmne River. Dam; temporary fish screens were installed in

1993 (7,£.S. Fish and WiMlife Service 1995).
I>ROGRAMMATIC ACTION 1c: Evaluate the
feasibility of installing state-of-the-art screens onMost Cosumnes River diversions are unscreened

and likely entrain juvenile salmonids (U..S. Fishsmall pump diversions.
and Wildlife Service 1995).

PROGRAMMATIC ACTION ID: Develop a
cooperative program to operate temporary screensScreening or eliminating diversions from areas
at diversions where juvenile salmon rear or duringwhere juvenile salmon are rearing or actively

seasons when they pass the diversion site. migrating will increase production of naturally
produced juvenile salmon from these three

PROGRAMMATIC ACTION 1E: Consolidate and strean~.

install screens on diversions in the Cosumnes
River. DAMS, RESERVOIRS, WEIRS, AND OTHER

STRU~d~S
~!~41"IONALE: On the lower Calaveras River, most

IM~LF2VIENTATION OBJECTIVE: The implementa-of the existing diversions are not screened or are
inadequately screened (California Department of tion objective for dams, reservoirs, weirs, and

Fish and Game 1993). Nearly all water in the other structures is to increase the connection of
river is diverted, especially in the summer and fall upstream spawning and rearing habitat with the
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mainstem rivers in the Sacramento-San JoaquinThe channels that carry Calaveras River water,
basin. This will increase success of adultfind are migratory routes for salmon below
spawners and survival of juvenile downstreamBellota Dam, include the original Calaveras River
migrants, stream channel, Mormon Slough, and the Stockton

Diverting Canal (into which drains Mormon
TARGi~T 1: Improve anadromous fish passage atSlough) (California Department of Fish and
dams and diversion structures (~). Game 1993). In some years, typically in March,

partial or complete blockage of the adult salmon
PROGRAMMATIC ACTION 1A: Develop a migration coincides with the annual placement of
cooperative progrfim to evaluate the need forapproximately 30 temporary irrigation dams in
passage improvements at small dams on the lowerthese channels. Fish are prevented from reaching
Cosumnes River. the deep holding pools and spawning gravel

above Bellota and are subjected to poaching
PROGRAMMATIC ACTION 1B: Cooperatively below the flashboard dams. Reclamation Board
improve fish passage at WID diversions and LakePermit No. 7594 (August 27, 1971) requires that
Lodi on the lower Mokehmme River. some of the flashboards and slide gates be

removed from the channel prior to November I of
PROGRAMMATIC ACTION 1C: Cooperatively each year and not replaced before April 15. Two
isolate the City of Lodi’s Recreational Lake Lodi of the diversion structures, Clements Dam and
on the lower Mokelumne River to improve adult CherrylandDam, have been identified as barriers
salmon and steelhead passage and juvenile fishto salmon movement and require fish passage
survival, facilities. The Bellota Dam (weir) has also been

known to block upstream salmon migrants at
PROGRAMMATIC ACTION 1D: Develop a flows below approximately 200 cfs (California
cooperative program to provide fish passage atDepartment of Fish and Game 1982). In some
temporary irrigation dams in the Calaveras River,years, salmon have been observed in the tidewater
Mormon Slough, and the Stockton Divertingreach, apparently unable to move upstream at
Canal. lower flows. Juvenile salmon have trouble finding

the downstream outlets to the dam and fish
PROGRAMMATIC ACTION 1E: Develop a ladder.
cooperative program to install fish passage
facilities at Bellota Weir, Clements Dam, andINVASlVI~ Rn’ARIAN AND SALT MARStlPIANTS
Cherryland Dam on the Calaveras River, and
provide passage flows. Ibtl’LEblENTATION O~CTIV£:: The implementa-

tion objective for invasive riparian and salt mar~h
RATIONALE: Smallflashboard dams and some plants is to reduce populations of invasive non-
illegal dirt and gravel dams exist on the lower native tree and shrub species that compete with
portions of the three rivers (U..S. Fish and Wildlife native riparian vegetation. Reducing invasive
Service 1997). These dams may impede up- and riparian and salt marsh plants would help to
downstream chinook salmon migration. On the establish and supportsustainablenative
lower Mokelurane River, Woodbridge Dam and vegetation communities.
the WID diversion may kill fish or delay
downstream migrating juvenile salmonids and TARGET 1: Reduce the adverse effects ofinvasive
upstream passage of adult salrnonids. DFG riparian plants on native species and ecosystem
(1993) and USFWS (1997) recommended processes, water quality and conveyance systems,.
evaluating improvements to the existingfishway and major rivers and their tributaries (~).
on Woodbridge Dar~
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1
PROGRAMMATIC ACTION 1A: Develop and RA170NaLE: High springflows attract striped
implement a coordinated control program tobass, American shad, andsquawf~h to the base of
reduce or eliminate invasive plant species from: Woodbridge Dam on the lower Mokelumne River.
the riparian corridor along the Cosumnes,Studies suggest that a significant proportion of
Mokelumne, and Calaveras Rivers. the juvenile salmon smolt production in the

Mokelumne River basin may be lost to predation
RA170NALE: Non-native plant species, such as (Boyd 1994, East Bay Municipal Utility District

i Arundo, also known as giant reed or false 1994). Juvenile salmon must first pass the
bamboo, can be highly, invasive, fast-growing reservoir, then the dam, and then the predators
plants that outcompete and displace native concentrated immediately below the dam (striped
riparian vegetation. These plants restrict water bass and American shad are unable to ascend the
flow, sedimqntation, form large move upstream; therefore, they toincrease ladder tend
debris piles in streams and rivers. Arundo has gather in large numbers below the dam).
been introduced into the watersheds of the
Eastside Delta Tributary Ecological Zone. Its CONTAMINANTS

¯ o- presence is impairing existing riparian
communities and will’ likely hinder riparian IMPLEMENTATION OBJECTIVE: Reduce concen-
corridor restoration. Riparian regeneration trations and loadings of contaminants in the
programs will require a coordinated approach to aquatic environment and bioaceumulation by
controlling invasive or non-native species through aquatic species. This will increase survival and
public education and chemical, biological, and¯ eliminate public health concerns.
mechanical methods.

TARGET 1: Restore and maintain water quality in
t~lt~EDATION AND COMPETITION Camanehe Reservoir on the Mokelumne River

(*).
ĪMPLEMENTATION OBJECTIVE: Reduce the loss

i of juvenile anadromous and resident fish andPROGRAMMATIC ACTION 1A: Support EBMUD
other aquatic organisms caused by unnaturalin developing operating procedures at Pardee and
predation levels to increase survival andCamanehe Reservoirs that optimize water quality
contribute to restoring impo .rtant species, below Camanche Dam.

TARGET 1: Reduce predation level on juvenileI~ROGRAMMATICAETION1B: Support implemen-,
salmonids below Woodbridge Dam on the lowerration of the cooperative agreement for the long-
Mokelumne River (.~.). term remediation of Penn contamination.Mine

PROGRAMMATIC ACTION 1A: Develop a TARGET 2: Reduce the input of nonpoint source
cooperative to modify the stream ehannd contaminants into the Mokelunme River (~).program
and rebuild the Woodbridge Dam fish passage and
diversion screening facilities. This will .help PROGRAMMATIC ACTION 2A: Develop an
minimize losses of downstream migrating salmonintegrated to coordinate and minimizeprogram
and steelhead, while maintaining other importantagricultural pesticide and herbicide use in areas
functions, that drain into the Mokelumne River.

I PROGRAMMATIC ACTION 2A: Modify and- I~I1"IONAI, E: Poor water quality has been
improve the fish bypass discharge at Woodbridgeidentified by USFWS (1997) as a limiting factor

! Dam. affecting fall-run chinook salmon and steelhead in
the Mokelumne PJver. USFWS (1995) stated that ¯
managing Camanche Reservoir elevations and
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Pardee Reservoir inflows have not consistently PROGRAMMATIC ACTION 1D: Evaluate a mark-
provided suitable water quality to the Mokelumne ing and selective fishery program for chinook
River Fish Facility and to the lower river, salmon
Occurrences of low dissolved oxygen, elevated
hydrogen sulfide, and elevated heavy metal levels RATIONALE: Restoring and maintaining chinook
have been documented, occasionally resulting in salmon and steelhead populations to levels that
fish Mils. Presently, reservoir operations have take full advantage of habitat may require
successfully maintained the Camanche release harvest restrictions during, and even a~er, the
water quality’to the lower Mokelumne River. recovery period. Involvement of the various
Recently, EBMUD and others have adopted a stakeholder organizations should help provide a
long-term plan to remediate Penn Mine balanced and fair allocation of available harvest.
contamination. The final EIR/EIS has been Target population levels may preclude existing
completed and a Restoration Plan adopted by harvest levels of wild, naturally produc.ed fisl~
EB2tfUD, CIrRWQCB, CSM, and federal ESA. For populations supplemented with hatchery fish,

selective fisheries may be necessary to limit wild
HARVEST OF FISt! AND WILDLIFE fish harvest, while harvesting hatchery fish to

reduce their potential to disrupt the genetic
IMPLEMENTATION OBJECTIVE: Reduce the integrity ofwildpopulations.
harvest of wild, naturally produced Bay-Delta fish
populations and .focus harvest on hatchery- ARTIFICIAL PROPAGATION OF FISH
produced fish. This will help protect and increase
the productive potential of wild fish populations. IMI~LEMENTATION OI~-ECTIxrE: Protect and

restore the genetic diversity of naturally
TARGET" 1: Develop harvest managementproducing salmon populations in the Mokelumne
strategies that allow the spawning population ofRiver to sustain long-term viability of the
wild, naturally produced fish to attain levels thatpopulations.
fully utilize existing and restored habitat and
allow harvest to focus on hatchery-produced fishTARGET 1: Minimize the likelihood that
(~,~). hatchery-produced salmon and steeihead could

stray into adjacent non-natal rivers and streams to
PROGRAMMATIC ACTION 1A: Reduce or protect naturally produced salmon and stcelhead
eliminate the illegal salmon and steclhead harvest(~).
by increasing enforcement efforts.

ACTION 1A: Develop a
PROGRAMMATIC ACTION 1B: Develop harvest cooperative program to evaluate the benefits of
management plans with commercial andlimiting stocking in the Mokelumne River with
recreational fishery organizations, resourcesalmon and steelhead produced at the Mokelumne
management agencies, and other stakeholders thatRiver Hatchery.
support ecosystem restoration and protect
important species. TARGET2: Employ methods to limit straying and

reduced genetic integrity of wild and hatchery
PROGRAMMATIC A~I’ION 1C: Reduce harvest of supported stocks (~4~).
wild, naturally produced steelhead populations,
where necessary, by marking hatchery-producedPROGRAMMATIC ACI’ION 2A: Rear hatchery
fish and establishing a selective fishery, salmon and steelhead in hatcheries on natal

streams to limit straying.
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PROGRAMMATIC ACrION2B: Limit stocking of levels that will maintain high quality habitat
salmon and steelhead fry and smolts to natalconditions for wildlife and aquatic and plant
watersheds to minimize straying that maycommunities, proteet specialstatusplants, protect
compromise the genetic integrity of naturallyriparian vegetation, maintain SRA habitat, and
producing populations, prevent bank erosion.

PROGRAMMATIC ACTION 2C: Develop a plan to TARGET 1A: Reduce t-me sediment input into the
stop importing egg or fry chinook salmon andthree streams (~).
steelhead to the Mokelumne River.

TARGET 1B: Develop a cooperative program to
RAI"IONALF,: In watersheds like the eastside protect high quality riparian habitat along the
tributaries to the Delta, where dams and habitat three streams (~ ).
degradation have limited natural spawning, some
hatchery supplementation may be necessary. This TARGET lC: Develop a cooperative program to
would help to sustain fishery harvest.at former improve all poor quality riparian habitat between
levels and to maintain a wild or natural spawning the San Joaquin River and chinook salmon
population during adverse conditions, such as spawning grounds in the three streams (~.).
droughts. However, hatchery augmentation -
s̄hould be limited in extent and to levels that do PROGRAMMATIC ACTION 1A: Evaluate the
not inhibit recovery and maintenance of wild feasibility of sediment retention basins to reduce
populations. Hatchery-produced salmon and fine sediment input.
steelhead might directly compete with and prey on
wild salmon and steelhead. Straying of adult PROGRAMMATIC ACTION 1B: Develop a
hatchery fish into non-natal watersheds might cooperative program with local interests to
also threaten the genetics of wiM stocks. Hatchery improve land management and livestock grazing
fish might also threaten the genetic makeup of practices along stream/riparian zones to reduce
stocks in natal rivers. Further research and streambank erosion and sediment input.
experimentation are necessary to determine how
this issue is addressed. Long-term hatchery PRO~RAMMATIC ACTION 1C: Where necessary,
augmentation of healthy wild stocks may purchase easements or properties in riparian
genetically undermine those stocks and threaten corridors of the three rivers to preserve or
the genetic integrity of other stocks, improve dpaxian habitats in salmon spawning and

adults into non-natal streamsStrayingof
result in interbreeding with a wild population RATIONAL£: f.xmd use and livestock grazing
specifically adapted to that watershed, arm thus practices adjacent to the lower Mokelunme and
lead to the loss of genetic integrity in the wild Cosumnes Rivers have increased streambank
population. Release of hatchery-produced fish erosion and fine sediment input to the streams
into the San Joaquin River and its tributaries, over historical levels. Fine sediments accumulate
other than the Mokelurane River, could lead.to a in saImonid spawning gravel and reduce habitat
loss in the genetic integrity of wild salmon and quality..4ll riparian habitats along the rivers
steelheadpopulations, between the spawning grounds and the San

Joaquin River should have SRA habitat and
~̄ USE riparian woodlanar habitat to provide cover for

juvenile salmon on their downstream migration
IMPLEMENTATION Ol~C’rrlVE: The implementa- and to minimize heating of the rivers.
tion objective for land use is to promote rangeland
management practices and livestock stocking
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SPECIES the stock reaches restoration goals levels set by
~ the regulatory agencies (~,).

SACI~MENTOSPLITTAIL
PROGRAMMATIC ACTION 1A: Actions in the

IMPLEMENTATION OB/ECTIVE: The implementa- East.side Delta Tributaries Ecological Zone have

tion objective for Sacramento splittail in thebeen designed specifically to restore fall-ran
Eastside Delta Tributaries Ecological Zone is tochinook and its habitat. This species will directly
contribute to recovery of this species, which isbenefit from previously described actions in this
proposed for listing under the federal Endangeredzone to improve or restore ecological processes
Species Act (ESA). and functions that create and maintain habitat and

to reduce stressors that adversely affect processes,
TARGET: Contribute to the annual populationhabitats, and fall-run chinook salmon directly.

abundance index, using the fall midwater trawlThese programmatic actions address Central
index, at a level equal to the 1967 to 1983Valley streamflows, natural sediment supply,
baseline (,~). stream eharmel meander, and riparian and riverine

aquatic habitat. Additional programmatic actions
PROGRAMMATIC ACTIONS: Aetious that will that will contribute to restoring fall-run chinook
contribute to improved conditions for splittail insalmon are proposed for the Sacramento-San
the Cosumnes and Mokelumne Rivers willJoaquin Delta and Suisun Marsh/North San
include restoring floodplains and the seasonalFrancisco Bay Ecological Zones.
cycle of floodplain inundation, providing a late
winter or early spring flow event to encourageRATIONALE: Because of their life-history
adults to migrate upstream, and restore a healthyrequirements, typical of all Pacific salmon,
riparian and fiverine aquatic community. BecauseCentral Valley chinook salmon require high-
of its distribution, similar actions to improve thequality habitats for migration, holding, spawning,
spawning success of splittail are proposed for theegg incubatiort emergence, rearing, and emigra-
Sacramento-San Joaquin Delta, San Joaquintion to the ocean. These diverse habitats are still
River, and Sacramento River Ecological Zones. present throughout the Central Valley and are

successfully maintained to varying degrees by
RAlrlONALE: Splittail are limited to a small existing ecological processes. Even though the
portion of their historical Central Valley range, quality and accessibility of the habitats have been
The restoration program for the Eastside Delta diminished by human-caused actions,, these
Tributaries Ecological Zone will substantially habitats can be restored through a comprehensive
increase the availability of seasonally inundated program that strives to systematically restore or
floodplains, which is an important habitat for reactivate ecological processes, functions, and
successful splittail ~pawning. habitat elements. These actions will reduce or

eliminate kno~m sources of mortality and other
CHINOOK SALMON stressors that impair chinook salmon survival.

The implementa- There are three major programs to restore
tion objective for chinook salmon in the Eastsidechinook salmon populations in the Central Valley.
Delta Tributaries Ecological Zone is to contributeThe Secretary of the Interior is required by the
to restoring fall-run chinook salmon. Central Valley Project Improvement Act (PL 102-

575) to double the natural production of Central
TARGET: Maintain the average cohort replacerate Valley anadromous fish stocks by 2002 (USFWS
of fall-run chinook salmon above 1.0 while the1997). The NMFS is required under the federal
stock is rebuilding and then maintain aESA to develop and implement a recovery plan for
rsplaeement rate equalto or greater than 1.0 whenthe endangered w~inter-run chinook salmon and to
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restore the stock to levels that will allow its habitats, and steelhead directly.These
removal from the endangered species list (NMT~S’ programmatic actions address:
1996). The DFG is required under State
legislation (the Salmon, Steelhead Trout and ¯ Central Valley streamflows,
Anadromous Fisheries Program Act of 1988) to ¯ natural sediment supply,
double the numbers of salmon that were present in ¯ stream channel corridor,
the Central Valley in 1988 (Reynolds et al. 1993). ¯ riparian and riverine aquatic habitat,

¯ water diversions, dams, reservoirs, weirs, and
Each major chinook salmon restoration/recovery ¯ gravel mining.
program has developed specific goals for Central
Falley chinook salmon stocks. ERPt’ embraces Additional programmatic actions that will eonlri-
each restorationirecoverygoalandwill contribute bute to steelhead recovery are proposed for the
to each agency’s program by restoring critical Sacramento-San Joaquin Delta and Suisun
ecological processes, functions, andhabitats, and Marsh/North San Francisco Bay Ecological
reducing or eliminating stressors. ERPP’s Zones.
approach is to contribute to managing and
restoring each stock with the goal of maintaining RAIIONALIZ: The NMFS has identified steelhead
cohort replacementrates ofmuch greaterthan 1.0 populations in the Central Falley as a single
while the individual stocks are rebuilding to evolutionary significant unit (ESU) based on a
desired levels. When the stocks approach the variety of physical and biological datc~ These
desired populao’on goals, ERPP will contribute to data include the physical environment (geology,
maintaining a cohort replacement rate of 1.0. soil type, air temperature, precipitation, riverflow

patterns, water temperature, and vegetation);
STE£LImAD biogeography (marine, estuarine, and freshwater

fish distributions); and life history traits (age at
]MI’LEMENTATION OBJECITVE; The implementa- smolting, age at spawning, river entry timing,
tion objective for steelhead trout in thespawning timing, and geneticuniqueness). ,
Mokelumne River is ,to achieve naturally
spawning populations that will support inlandWithin the broad context of ecosystem resto~;ation,
recreationa! fishing and fully use existing andsteelhead restoration will include a wide variety
restored habitat areas, of efforts, many of which are being implemented

for other ecological purposes or are nonspecific
TARGET: Maintain the average cohort replace to steelhead trout. For example, riparian and
rate of steelhead trout above 1.0 while the stock isriverine aquatic habitat restoration along the
rebuilding. Then maintain a replacement rateMokelumne River will focus on natural stream
equal to or greater than 1.0 when the stockmeander, flow, and nan~al revegetation/
reaches restoration goal levels set by thesuccessional processes. These will be extremely
regulatory agencies (~.). important to provide shaded riverine aquatic -

habitat, woody debris, and other necessary
PROGRAMMATIC ACTIONS: Actions in the habitats required by lower trophic organisms and
Eastside Delta Tributaries Ecological Zone havejuvenile and adult steelheadpopulations.
been designed specifically to restore steelhead and
its habitat, This species will directlybenefit fromOperating the water storage and conveyance
previously described actions in this zone tosystems throughout the Central Valley for their
improve or restore ecological processes andpotential ecological benefits can be one of the
functions that create and maintain habitat and tomore important elements in restoring a wide
reduce stressors that adversely affect processes,spectrum of ecological resources, ¯ including

steelhead trout.
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RESIDENT FISH SPECIES PROGRAMMATIC ACTION 1B: Implement a study

~ of giant garter snake in the Eastside Delta
IMPLEMENTATION OBJECTIVE: The implementa- Tributaries Ecological Zone to determine
tion objective for resident fish species in theabundance, distribution, and age structure of local
Eastside Delta Tributaries Ecological Zone is topopulations.
maintain and restore the distribution and
abundance of resident native fish species, such asP~4TIONALE: Sustaining giant garter snake and
Sacramento blaekfish, hardhead, tule perch, andwestern pond turtle populations depends on
Sacramento perch, and non-native species, such assuccessfully reconnecting the rivers in the
white catfish, largernouth bass, and threadt’rnEastside Delta Tributaries Ecological Zone with
shad, to support a sport fishery and healthy foragetheir floodplains and flood channels. This is
populations, particularly true for the lower Cosumnes River

floodplain.
TARGET: Maintain and improve existing species
diversity, age structure, population distribution SWAINSON’SHAWK
alad abundance levels (@).

IMPLEMENTATION OBJECTIVE: The implementa-
PROGRAMMATICACT/ONS: Resident fish species tion objeetiv~ for the Swainson’s hawk in the
will directly benefit from proposed actions in theEastside Delta Tributaries Ecological Zone is to
ecological zone to improve streamflow andassist in the recovery of this State-listed
riparian and riverine aquatic habitat and open thethreatened species.
floodplain to seasonal inundation. Similar actions
are proposed for rnany other ecological zones asTARGET: Increase nesting density and availability
well. of prey species (4,).

I~ATIONALE: The cumulative benefits from the PROGRAMMATIC ACTIONS: Swainson’s hawk
actions proposed in the Eastside Delta Tributaries will directly benefit from proposed actions in the
Ecological Zone will support and contribute to the ecological zone to improve riparian and riverine
restoration of many fish, wildlife, and plant aquatic habitat. Restoring the riparian zone
communities dependent on the stream channels, depends on restoring the floodplains, seasonal
floodplains, and riparian corridors, floodplain inundation, and programs to restore

and protect riparian and riverine aquatic habitat.
GIAI~ GARTER SNAKE AND WESTERN POND

TURTLE RATIONALE: Restoring roosting and foraging
habitat in the lower Cosumnes and Mokelurane

IMPLEMENTATION OBJECTIVE: Tbeimplementa- River reaches will provide an important
tion objective for the giant garter snake andcontributioi~ Restora~.’on of the Swainson’s hawk
western pond turtle in the Eastside Deltais compatible with many farming practices,
Ecological Zone is to assist in their recovery, because farmland provides valuable foraging

habitat. The decline of the Swainson’s hawk is
TARGET: Maintain or increase existing populationlargely related to the adverse cumulative effects
levels, distribution, and age structure (4,). of loss of riparian and wetland habitat. Restoring

riparian and riverine aquatic habitats throughout
PROGRAMMATIC ACTION 1A: Giant garter snake the Eastside Delta Ecological Zone has multiple
and western pond turtle Will directly benefit frornbenefits for many aquatic and terrestrial species.
proposed action in the ecological zone to improve
streamflow riparian and riverine aquatic habitat
and open the floodplain to seasonal inundation.
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GREATER SANDHILL CRANE PROGRAMMATIC ACTIONS: Waterfowl will
. indirectly benefit from restoration of marshes,

IMPLEMENTATION OBJECTIVE: The implementa- seasonal wetlands, andriparian habitats
tion objective for the greater sandhill crane in thethroughout the EastsideDelta Tributaries
Eastside Delta Tributaries Ecological Zone is toEcological Zone. (Referto targets and
assist in the of this State-listed actions for seasonal wetlands,recovery programmatic
threatened species,                               riparian and riverine aquatic habitat, and

agricultural lands.)
TARGET 1: Protect 10% of the currently
unprotected lands within a 5-mile radius of a REFERENCES USED TO
known roosting area. This is approximately 3,000
to 4,000 acres (**). ’ DEVELOP TH:E VISION FOR ~

EASTSIDE DELTA TRmUTARIES
PROGRAMMATIC ACTION 1A: Acquire, through
in=fee purchase or easement, key foraging and ECOLOGICAL ZONE
roQsting areas for the greater sandhill crane.

Bjorn, T.C. and D.W. Reiser. 1991. Habitat
RATIONaI~: The Cosumnes/Mokelumne subpop- requirements of salmonids in streams. Pages
ulations of the greater sandhill crane are key in 83-138 in Influences of forest and rangeland
the recovery of this species. The subpopulation management on salmonid fishes and their
has been stressed by development and agriculture habitam. American Fisheries Society Special
activities in both its roosting and foraging areas. Publication No. 19.
Presently, the greatest threat to the crane in this
ecologicalzone is eliminating foraging areas due Boyd, S. 1994. Predation on fall-run chinook
to the conversion of field crops and pastures to salmon smolts below Woodbddge Dam in the
vineyards and orchards. These crop conversions Mokelumne River. East Bay Municipal
are occurring at a rapid pace within this zone. Utility District, Orinda,..CA.
Properly designed agricultural preservation
easements or in-fee acquisition can be effective California Department of Fish and Game. 1982.
for preserving key crane habitat. They also can Calaveras River winter-run king salmon.

Swainson "s hawk Memorandum to the file (Bellota fmh screensupport foraging giant
garter snake habitat, andfloodways. Agricultural and ladder and Calaveras River, Calaveras
preservation easements that allow row crops, field County). Region 2. Rancho Cordova, CA.

or compatible with thepasture
proposed programmatic target. Easements must . 1991. Lower Mokelunme River
prohibit new orchards and vineyards, fisheries management plan. Rancho Cordova,

~

1993. Restoring central valley"
IMPLEMENTAT/ON omr~rnr~: Maintain and streams: a plan for action. November.
restore the distribution and abundance of Sacramento, CA.
waterfowl to contribute to species richness and
diversity and reduce conflict between the need forChapman, D. W. 1988. Critical review of
their protection and other beneficial uses of water variables used to define effects of fines in
in the Bay-Delta. redds of large salmonids. Transactions of the

American Fisheries Society 117(1):1-21.
TARGET: Improve populations and distribution of
waterfowl (~).
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East Bay Municipal Utility District. 1994. Major
limiting factors affecting salmon and, 1
steelhead production in the lower Mokelumne
River (1967-1991) and options for restoration.
Draft report. Orinda, CA.

/
Envirosphere Co. 1988. Spawning gravel

mobility: addendum to the Lower Mokelumne 1
River Fisheries Study.Envirosphere
Company, Sacramento, CA.

Setka, J. 1997 (draft). 1996 lower Mokelumne " 1
River chinook salmon (Oncorhynehus
tshawytseha) spawning survey report. East
Bay Municipal Utility District, Orinda, |California.

U.S. Fish and" Wildlife Service. 1993. 1
Memorandum to the U.S. Bureau of
Reclamation re: Stanislaus River basin-
Calaveras River conjunctive use water 1
program study: a preliminary evaluation of
fish and wildlife impacts with emphasis on
water needs of the Calaveras River.
Washington, D:C.

11997. Revised draft restoration
plan for the anadromous fish restoration
program: a plan to increase natural production
of anadromous fish in the Central Valley of I
California. May 30, 1997.

Walsh, IL W., C. Marzuola, and E. Bianchi. 1992. 1
Task report fisheries studies on the
Mokelumne River 1990-1991. Draft report.
BioSystems Analysis, Inc. Tiburon, CA.
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SAN JOAQUIN RIVER ECOLOGICAL ZONE

INTRODUCTION valley floor, and
San ffoaqnin flOWS north through
River the valley into the

The health of the Sacramento-San Joaquin Delta Ecological Sacramento-San(Delta) is dependent on its tributaries for inflows Zone
Joaquin River Delta.of water along with their sediments and nutrients.
On the arid westThe tributaries also provide spawning, rearing,
side of the basin,and migration habitats for aquatic species. The relatively    small

Delta also depends on quality riparian corridors intermittent streams
that connect it with the upper watershed habitats drain the eastern
needed by many terrestrial species. The ecological --- - slopes of the Coastintegrity of the San Joaquin River below Friant "
Dam is critical to the ecological health oft_he Bay-

Ranges but rarely

Delta system. The ecological quality of the
reach the SanJoaqnin River. Natural runofffrom

mainstem San Joaquin River below the mouth ofwestside sloughs is augmented by contaminated

the Friant Dam is particularly important for theagriculturaldrainageandspillflows.Onthe
side, many streams and three major rivers drain ¯anadromous (migrating between rivers and ocean)

~’mh that annually migrate into and out of the
the west slope ofthe Sierra Nevada and flow into
the San Joaquin River. The major eastside

Stanislaus,Tuolumne,andMercedRivers.
tributaries south of the Delta are the Stanislaus,

The San Joaquin Ecological Zone encompasses
Tuolurrme, and Mereed Rivers. Secondary streams

four units south of the Merced River include Bear Creek andecological (Figure 17): the Cbowehilla and Fresno Rivers and the upper
San Joaquin River.Vernalis to Merced Ecologiea.l Unit,

Precipitation in the San Joaquin River basin¯ Merced to Mendota Pool Ecological Unit,
averages about 273 inches per year. Snowmelt

¯ Mendota Pool to Gravelly Ford Ecological
runoff is the major source of water to the upper

Unit, and
San Joaquin River and the larger eastside
tributaries. Historically, peak flows were in May

¯ Gravelly Ford to Friant Ecological Unit.         and June, and natural .overbank flooding took
place in most years along all the major rivers.
When floodflows re, ached the valley floor, they

DESCRIPTION OF TI~ ZONE spread out over the lowlands, creating several
hundred thousand of tuleacres permanent

The 290-mile-long San Joaquin Valley occupiesmarshes and more than 1.5 million acres of.
the southern half of the Central Valley and has anseasonally flooded wetlands and native
average width of 130 miles. The Tulare Lakegrasslands. The rich alluvial soils ofnatural levees
basin to the south is normally oonsidered aonce supported large, diverse riparian (waterside)
separate drainage basin but, during wet years, hasforests. As much as 2 million acres of riparian
oontribnted occasional floodflows and subsurfacevegetation are estimated to have grown on levees,
flows to the San Joaqnin River. The San Joaquinon floodplains, and along small stream courses.
River basin is bounded on the west by the CoastAbove the lower floodplain, the riparian zone
Ranges and on the east by the Sierra Nevada. Thegraded into higher floodplains supporting valley
San Joaquin River flows west from the Sierraoak, savanna, and native grasslands interspersed
Nevada, rams sharply north at the center of thewith vernal pools. Less than 10% of the historic

Folume 11: Ecosystem Restoration Program Plan
~ ~I}i~ San doaq’uin RDer Ecological Zone Vision
~- ~ Draft: March 1998

371

C--006993
(3-006993



wetland acreage and lessthan 2% of the historicHistorically, the upper San Joaquin giver
riparian acreage exist as remnant vestiges.

southernmost stocks of spring- and fall-run
Agricultural development in the basin, whichchinook salmon and perhaps for steelhead. Early
began in the 1850s, brought dramatic changes.indams along the river restricted passage of adult
the hydrologic system. The upper San Joaquinsalmon. By the early 1940s, large runs of salmon
giver drainage (1,650 square miles) now hasin the uppeT San Joaquin River near Fresno were
seven power-generation reservoirs, which altermostly spring-rnn fish. This spring run, ranging
flows in the upper basin. Fdant Dam near Fresnofrom 2,000 to 56,000 fish between 1943 and 1948,
is the major storage reservoir there. Completed in
1949, the dam is operated by the U.S. Bureau of
Reclamation (Reclamation) to provide flood Unimpaired Monthly Average Flow[
control, irrigation, and power generation. I

Millerton Lake, formed by Friant Dam, has a
gross storage capacity of 520,000 acre-feet (at’)
and prgvides for deliveries into the Friaut-Kern
Canal, the Madera Canal, and other Central ~sooo
Valley Project (CV’P) facilities. Mean annual
runoff of the San Joaquin giver into Millerton ~ ~oooo
Lake totals 1.9 million af, with 2.2 million afper
year committed in water contracts.

Historical I~nthly Average Flow

[] Normal Year ~ [] Dry Year

3500 Unimpaired Streamflow on the San Joaquin River at Vernalis,
3000 1972-1992 (Dry year is th~ 20th percentile year;, normal y~ar is

... 2500
the 50th percentile or median year.)

~2ooo was extirpated after 1949 when the Friaut Dam
~ lsoo closed the channel. The fall run, averaging about
" looo l,O00 spawning adults in the 1940s, was also

soo eliminated by the dam. Streamflow releases to the
o San Joaquin River below the dam are now

J F M AM d J A S 0 N O insufficient to support salmon passage, spawning,
or rearing. No water passes through the Gravelly

[] Normal Year [] Dry Yenr " Ford to Mendota Pool reach except during
t~toricai Str~mftow on the San Joaquin River at V~’anlis, 1972- extremely high runoff periods.
1992 (Dry y~r is the 20th pmc, cntile y~a,’;, normal year is the 50th

pcax~ntii¢ or median year.)
Friaut Dam
of total basin outflow damaged anadromous fish

Water development caused a great change in theruns in other tributaries as well. Reducing fall
natural streamflow pattern of the river. The highattraction flows and spring oulflows on the
flows of spring are now captured in storagemainstem San Joaquin River reduced adult
reservoirs in the basin except for the years ofreturns, production, and survival of salmon
.highest rainfall. Summer and fall flows are higherthroughout the system. When spring outflow at
than before to provide water for irrigation and Vernalis on the mainstem San Joaquin giver is
urban water supply, high, the total adult salmon escapement (fish that

~P o2,r~
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survive migration to spawn) in the San Joaquindownstream from the confluences with the major
River basin increases 2.5 years later. Since Frianteastside tributaries provides the migration
Dam began operating, low spring outflows from~ corridor for anadromous fish to the Delta and the
the basin in most years have contributedPacific Ocean.
substantially to low salmon production.

recent years, drainage practices westernIn in
The three major eastside tributaries to the SanMerced County have increased agricultural return
Joaquin River---the Stanislaus, Tuolumne, andflows from Salt and Mud Sloughs into the
Merced Rivers--support spawning and rearingmainstem San Joaquin River. These flows
habitat for fall-run chinook salmon, steelhead,attracted significant numbers of adult salmon into
rainbow trout, and perhaps late-fall-run chinookthe sloughs and, subsequently, into irrigation
salmon. The presence of a distinct anadromouscanals with no suitable spawning habitat. As
run of steelhead in the basin has. not beenspawning runs have declined, the proportion of
eonfmned. Large rainbow trout are found in eachthe San Joaquin drainage salmon straying into the
of the tributary streams, and each year a fewwestside area has increased. In.fall 1991, 31% of
adults enter the Mereed River Fish Facility. A fewthe salmon in the basin was estimated to have
juvenile rainbow trout are also caught each year instrayed into westside canals.
juvenile outmigrant trapping surveys on the lower
Stanislaus River and in trawl surveys at Mossdale.Fish screens were installed on the El Soyo, West
Genetic studies are under way to determineStanislaus, and Patterson Irrigation District
whether the steelhead and rainbow trout in thediversions in the late 1970s. Because of the low
San Joaquin giver basin are a distinct anadromousnumber of returning.adult salmon and juveniles
run, a resident population, or stray steelheadthe inappropriate design and inefficiency of the
originating from the Sacramento River basin. Inscreens,, and the high cost of maintenance; the
most years, a few salmon are observed spawningscreens were abandoned within a few years. The
in late January and February on the lowerE1 Soyo diversion has the capacity to withdraw as
Stanishns River. Whether these fish are a remnantmuch as 80 cfs; each of the other diversions has a
era distinct late fall run in the San Joaquin Rivercapacity of 249 cfs. Together, these diversions can
basin or whether they are strays or fall-run fishwithdraw a significant proportion of the mainstem
spawning later than usual is not known., river flow, particularly in dry years.

In recent years, fall-run chinook spawningMany small and medium-size irrigation diversions
escapements in the San Joaquin River basin haveon the mainstem San Joaquin River entrain
declined to alarmingly low levels. In fall 1991, anjuvenile salmon in addition to those at the E1
estimated 658 fish returned to the basin to spawn,Soyo, West Stanislaus, and Patterson Irrigation
compared to 135,000 in 1944, 80,500 in 1953, District diversions. Cumulative losses at these
53,400 in 1960, and 70,000 in 1985. other sites may be significant.

A streamflow of 35 to 230 cubic feet per second San Joaquin River basin outflow standards should
(efs) is required in the river between Friant Dambe established to protect adults migrating
and Gravelly Ford to support riparian water upstream in the fall and emigrating smelts in the
diversions. Major reaches of the river betweenspring.
Gravelly Ford and the eonfluenc~ with the Mereed
River are essentially dry for mueh ofthe year. The.High water temperatures during emigration
stream eharmel has been affected by ineharmelprobably reduce smelt survival in the mainstem
gravel mining and by vegetative encroachmentriver. California Department of Fish and Game
resulting from the absence of frequent scouring_ (DFG) Exhibit 15 to the California State Water
flows. The mainstem San Joaquin RiverResources Control Board (SWRCB) for Phase I of
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I
the Bay-Delta hearings showed that, in yearsMERCED TO MENDOTA POOL ECOLOGICAL
¯ when the flow at Vernalis was 5,000 cfs or less in UNIT
May, water temperatures were at levels of chronic’
stress for these fish. Temperature stress is additiveThe Mereed to Mendota Pool Ecological Unit (87
and increases with successive exposures tomiles, from RM 118 to RM 205) includes the
diversions,predation,handlingin theDeltafish mouth of Salt Slough and the Chowehilla and
salvage process, and migration delays. Fresno Rivers. Flows in this reach have been

significantly reduced from historical conditions
Restoringandmaintainingimportantecological by the Friant Dam project upstream and by the ¯
processes and functions in the San Joaquin RiverEastside Bypass and levee system. The reach
Ecological Zone depend on conditions in both thereceives inflow from the Delta-Mendota Canal
main tributaries to the river (the East San Joaquininto Mendota Pool. Irrigation deliveries in the
Basin Ecological Zone) and the downstreamlocal area use this reach as a conduit. Agricultural
Sacramento-San Joaquin Delta Ecological Zone.drainage practices in western Mereed County
Water flow, channel incision (cutting by waterresult in significant return flows from Salt and
flow), levee construction, gravel mining, sedimentMud Sloughs into this reach.
and nutrient supply, and input of contaminants
from the tributary streams all influence habitat MENDOTA POOL TO GRAVELLY FORD
conditions in the mainstem San Joaquin River. ECOLOGICAL UNIT
Changes of these factors in the tributaries from
histoficaI conditions have degraded habitat on theThe vision for the Mendota Pool to Gravelly Ford

Imainstem river. Conditions in the Delta have aEcological Unit (24 miles, from RM 205 to RM
significant effect on anadromous fish production229) inehdes no significant tributary inflow.in the basin because, in most years, a significant

Because of the Fdant Dam project upstream, most’proportion of inflow from the San Joaquin Riverof this reach is dry for much of the ’year. The
is diverted atthe Delta. stream ehaanel has been altered by inehannel

gravel mining, floodplain cotffinement by levees
1DESCRIFI’IONS OF ECOLOGICAL and incision, and vegetation encroachment into

UNITS the abandoned channel and floodplain.

VERNALIS TO MERCED ECOLOGICAL UNIT GRAVELLY FORD TO FRIANT ECOLOGICAL I
UNIT

The Vernalis to Mereed Ecological Unit (43 ¯
miles, from river mile [RM] 75 to RM 118) is the The Gravelly Ford to Fdant Dam Ecological Unit
nontidal reach of the river that includes the(31 miles, from RM 229 to RM 260) includes no
confluences with the Mereed, Tuolumne, andsignificant .tributary inflow. At Friant Dam,
Stanislans Rivers. These major tributaries drainalmost all the mainstem riverflow is diverted into
the west slope of the Sierra Nevada and providethe Friant-Kem Canal. Except during spill
most of the flow to this reach. On the arid westconditions at Friant Dam, the reach from the dam
side of the basin, relatively small intermittentto Gravelly Ford receives a flow release of 35-230
streams drain the eastern slopes of the Coastcfs to support riparian water diversions; any
Ranges but their waters rarely reach the river,stzeamflow reaching Gravelly Ford sinks into the
which flows in this reach through a broad alluvialchannel bed because, of the highly permeable
eharmel and floodplain. Levees set close to thesubstrate (bottom material) in that area. The.
main channel confine the floodplain throughoutstream channel has been altered by inchannel
most of its length, including along the lowergravel mining, incision, and vegetation
tributaries, encroachment into the channel and floo@lain.
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Significant stressors of ecological functions,Important habitats provided by the San Joaquin
habitats, and species on the San Joaquin River are:River and its ecological processes include riparian

and riverine (of rivers) aquatic habitats; riparian
[] artificial confinement of the river channelforest; valley oak woodland; perennial grassland;

within levees various cropland habitats (e.g., agricultural
and uplands); and migration, holding,wetlands

[] poor land use and livestock grazing practicesspawning, nursery, and emigration habitats for
on riparian lands, " anadromous and resident fish populations.

[] lack of floodflows, which alters the natural Important fish, wildlife, and plant species
sediment balance and reduces riparianoccupying the San Joaquin River Ecological Zone
vegetation growth, and and its habitats include fall-run chinook salmon,

splittail, white sturgeon, green sturgeon, and
¯ reservoir management and diversions on theAmerican shad.

mainstem and tributary streams that
_ significantly reduce streamflow and alter VISION FOR THE ECOLOGICAL

stream temperature.
ZONE

Additional stressors are:
The vision for the San Joaquin River Ecological

[] direct removal and fragmentation of riparian .Zone (Figure 17) includes restoring important
habitat for agricultural and urbanfishery, wildlife, and plant communities and
development and floodway maintenance, ecological processes to healthy conditions and

reducing stressors that inhibit health and limit
¯ entrainment of fish and other aquaticrestoration. This will require rcaetivating natural

organisms in water diversions, and ecological processes, including streamflow and
natural stream meander, to accomplish most of the

[] inehannel and floodplain gravel extraction,restoration. In addition, stressors such as
which alters eharmel forms, unscreened diversions and levee confinement of

the floodplain must be reduced. The vision
Channel and disturbance includes improvements ininstability floodplain significant floodplain
have caused bank and floodplain deposits to erodeand stream-channel habitats consistent with flood
and release too much fine sediment into the river,control, urban, and agricultural development plans
This sediment damages spawning habitat and barsin the San Joaquin Valley floodplain.
fish passage. Construction of levees close to
channels, as well as-flood bypasses and weirs, hasThroughout the San Joaquin River, restoring a
fi’agrnented and degraded floodplain habitats (e.g.,healthy- riparian zon~ and improving stream
by causing unnaturally high salt concentration inmeander corridor will increase the shaded riverine
surface soils). Levees have also caused excessiveaquatic (SRA) habitat, the woody debris, and the
scour of the eharmel and instability of riparian andnatural sediment regime (pattern) in the aquatic
aquatic habitats within the leveed channel. Insystem.
some reaches, native vegetation is being replaced
by non-native invasive plants, such as giant reed.In the lower part of the zone from the Merced
This reduces the quality of fish and wildlifeRiver to Vernalis, restoring the stream meander
habitat, increases sediment deposits, andcorridor will benefit upstream and downstream
deereases floodwayeapacity, migration of fall-run chinook salmon and

steelhead and restore spawning and rearing habitat
for American shad, striped bass, white and green
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sturgeon, and splittail. Reducing losses of fish tō restore a balanced sediment regime,
water diversions, improving streamflows at
critical times of year, reestablishing a functional̄ reduce entrainment of aquatic resources at
floodplain and a balanced sediment budget, and water diversions, and
improving water quality by reducing input of
contaminants to the fiver will also benefit fish and̄ reduce the input of salt and other
wildlife, contaminants;

In the reach from the Merced River confluence toRestoring fall-run chinook salmon and steelhead
Mendota Pool, emphasis will be on reducing theruns in the San Joaquin River basin could
input of contaminants from westside drainage andcontribute significantly to recovery of Central
reducing Straying of fall-run chinook salmonValley stocks. In the past, natural fall-run
upstream of the confluence with the Mercedspawning escapements in the basin have
River. accounted for as much as 27% of the total natural

escapement of fall-run chinook, salmon in the
In the reach from Friant Dam to Gravelly Ford, Central Valley.
the vision focuses on maintaining native resident
fishes and waterfowl .and wildlife habitat byFloodway ~apacity should be expanded by a
restoring minimum streamflows, stream-channel -combination of:
configuration, and the riparian corridor.

leveesetbacks,
VISIONS FOR ECOLOGICAL UNITS

¯ levee abandonment where new land use and
VERNALIS TO ~.ERCED RIVER public ownership justify restoring the

ECOLOGICAL UNIT floodplain,

The vision for the Vemalis to Merced River
¯ widening and extending the bypass system

Ecological Unit would: throughout this reach, and

¯ restore the ecological processes needed to
¯ establishing a new design floodflow capacity

support spawning and rearing habitat for that includes a firm commitment to natural

American shad, white and green sturgeon, and vegetation not subject to maintenance or
removal.splittail and the migratory corridor for

upstream and downstream migration of fall-
run and late-fall-run chinook salmon,These measures are environmentally superior

steelhead, and rainbow trout,
alternatives to rebuilding and riprapping existing
banks and levees without modifying the

¯ restore and maintain streamflows that provideundersized flood-control infrastructure damaged

habitat and adequate temperature levels for
by the 1997 floods.

migrating salmon and steelhead and residentThe vision sets a high priority on connecting
native fishes, fragmented riparian and seasonal floodplain

habitat corridors and restoring ecological¯ maintain a diverse, self-sustaining riparian
structures and processes, such as natural channelzone,
meanders and unconfined lower floodplains, that
promote self-sustaining riparian succession and

¯ reestablish a functional floodplain,             creation of aquatic habitat. Wildlife refuges and
undeveloped historical floodplains that support

¯
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seasonal wetlands and other natural habitats, butFloodway capacity should be expanded by a
that have inadequate water supplies and high.combination of."
surface salt concentrations, will be flooded by the
restored flood cycles from modified flood control ¯ levee setbacks,
system described above.

¯ levee abandonment where new land use and
Instream sand and gravel mining on the major public ownership justify restoring the
tributaries in this reach should be phased out and floodplain,
replaced by off-channel, high-terrace andmines
relocation to other sources. Such sources maȳ widening and extension of the bypass system
include reservoir delta deposits or abandoned throughout this reach, and
floodplain terrac.es where the channel is
unnaturally eonf’med by recent downcutting.̄ establishment of new design floodflow eapa-
Abandoned inehannel pits that cause channel city that includes a firm commitment to
instability and trap fish should be filled, where natural vegetation not subject to maintenance
this is feasible, or modified and restored to create or removal.
stable habitats and landforms. Revegetation
programs and levee and grade modificationsThese measures are environmentally superior
should be implemented at abandoned mine pits toalternatives to rebuilding and riprapping existing
provide greater bank oohesion and eharmelbanks and levees without modifying the under-
stability and to rome low flows away from sized flood-control infrastructure damaged by the
potential fish entrapments. 1997 floods.

I MERCED RIVER TO MENDOTA POOL The vision sets a high priority on reconnecting
ECOLOGICAL UNIT fragmented riparian and seasonal floodplain

habitat corridors, and restoring ecological
The vision for the Mereed River to Mendota Pool structures and processes, such as natural channel
Ecological Unit would reduce the input ofmeanders and unconfined lower floodplains, that
contaminants, which will improve aquatic habitatpromote self-sustaining riparian succession and
quality in this unit and downstream in thethe creation of aquatic habitat. Wildlife refuges
Vemalis to Merced River Ecological Unit and inand undeveloped historieaI floodplains that
the Sacramento-San Joaquin Delta Ecologicalsupport seasonal wetlands and other natural
Zone. Other parts of the vision are to restorehabitats, but that have inadequate water supplies
ecological processes that create and sustain the highand ~alt will
habitats of a diverse, self-sustaining riparianflooded frequently by the restored flood c3icles
oorridor linked with upstrem and downstream from the modified flood control system described
ecological units; to reduce the straying of adultabove.
fall-run chinook salmon into areas with no
suitable spawning habitat; and to improve land 1VIENDOTA POOL TO GRAVELLY FORD

and livestock grazing practices along ECOLOGICAL UNITmanagement
streams and riparian zones.

The vision for the Mendota Pool to Gravelly Ford
Other requirements are to maintain a diverse, self-Ecological Unit would restore the ecological
sustaining riparian habitat zone, to reestablish aprocesses needed to support a diverse, self-
functional floodplain, to restore a balancedsusmining riparianeorridorlinkedwithupstream
sediment regime, to reduce entrainment of aquaticand downstream ecological units and that does not
resources at water diversions, and to reduce theencroach on the stream eharmel. The vision would
input of salt and other contaminants, also improve land management and livestock
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1
grazing practices along streams and riparian VISIONS FOR ECOLOGICAL
zones. I~ROCESSES

1
Instream sand and gravel mining should be phased
out and replaced with off-channel, high-terrace CENTRAL VALLEY STREAMFLOWS

mines and relocation to other sources. Such ¯
sources may include reservoir delta deposits orInstream flows are inadequate and need to be

abandoned floodplain terraces where the channelsupplemented where possible, consistent with
existing agreements. The vision is that instreamis unnaturallyconfinedbyrecentdowncutting.

Abandoned inchannel pits that cause channelflows will be high enough to .support the

instability and trap fish should be filled, whererestoration of ecological processes and functions
modified and restored to create stable that maintain important fish, wildlife, and plantsfeasible,or

habitats and landforms. Revegetation programsalong with their habitats.

and levee modifications should be implemented at
abandoned mine pits to provide greater bank NATURAL FLOODPLAINS AND FLOOD 1

_cohesion and channel stability and to route flows PROCESSES
away from potential fish enl~apments.

Natural riverTfloodplain interaction has been 1
GRAVELLY FORD TO FRIANT DAM impaired by the construction of dams and levees..

ECOLOGICAL UNIT Seasonal flooding is needed to promote ecological
health and restoration of important species. The 1

The vision for the Gravelly Ford to Friant Damvision is that floodplains along the San Joaquin

Ecological Unit would restore a diverse, self-River will be expanded, reconnected to their

sustaining riparian corridor linked with upstreamchannels, and seasonally flooded by increased 1
and downstream ecological units. The visionstream flows that will regenerate natural riparian

would also maintain streamflows for residenthabitat, carry nutrients to the Delta, and create ¯

native fishes and improve livestock grazingseasonal habitat for splittail spawning and the ¯
practices along streams and riparian zones, rearing and emigration of juvenile fish.

Instream sand and gravel mining should be.phased STREAM ~IEANDER
¯

out and replaced with off-channel; high-terrace 1
mines and relocation to other sources. SuchNatural stream meander in the San ~loaquin River
sources may include reservoir delta deposits oris constrained by dams, flood-control levees, and. 1
¯ abandoned floodplain terraces where the channelaltered flow patterns. The vision is to create and
is unnaturally confined by recent downcutting,maintain any possible meander to sustain habitats
Abandoned inchannel pits that cause channelsimilar to those that occurred naturally to provide

instability and trap fish should be filled, wheresediment for the Delta and rearing habitats for
1

feasible, or modified and restored to create stablechinook salmon and steelhead.
habitats and landforms. Revegetation programs
and levee modifications should be implemented at CENTRAL VALLEY STREAM. 1
abandoned mine pits to provide greater bank TEMPERATURES
cohesion and channel stability and to route flows
away from potential fish entrapments. High stream temperatures limit or interrupt the

natural life cycle of aquatic organisms. The vision
is that water temperatures below major dams will
be suitable for maintenance of important aquatic 1
organisms and biological functions such as

1
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chinook salmon spawning, egg development, andof water from the lower San Joaquin River will
fry and juvenile rearing and emigration, not adversely influence efforts to rebuild fish

populations and maintain riparian and riverine
VISIONS FOR HABITATS aquatic habitats.

SEASONAL WETLAND HABITAT LEVEES, BRIDGES, AND BANK PROTECTION

The vision is that increased seasonal flooding andLevees, bridges, and bank protection measures
along the San Joaquin River have inhibitedenhancementof existing wetlands, and

development of cooperative programs with local overland flow and erosion and depositional
landowners will contribute to increased habitatsprocesses that develop and maintain the
for waterfowl and other wetland fish floodplain. The vision is to modify, remove, ordependent
and wildlife resources such as shorebird, wadingreopemte structures in a manner that greatly
birds, and the giant garter snake, lessens adverse affects on ecological processes

-- RIPARIAN AND RIVERINE AQUATIC
aquaticorganisms.

Hk4BITATS L~NV USE

Riparian plant communities are importantThe vision is that land use activities will
componentsofahealthyeeosystemandeontributecontribute to the restoration of ecological
in many ways to sustaining fish and wildlifeprocesses, habitats, and species and will not
populations. The vision is to restore diverse self-impair restoration efforts.

sustaining riparian~and riverine aquatic habitat
along the San Joaquin River which will serve as CONTAMINANTS
an important migratory corridor to upstream
habitats for terrestrial and aquatic species. The vision is to reduce losses of fish and wildlife

due to pesticide, hydrocarbon, heavy metal, and
AGRICULTURAL LANDS other pollutants.

Improving habitats on and adjacent to agricultural’ VISIONS FOR SPECIES
lands in the Butte Basin Ecological Zone will
benefit native waterfowl and wildlife species. CBINOOK SALMON AND STEELrmAD
Emphasizing certain agricultural practices (e.g.,
winter flooding and harvesting methods that leaveThe vision is that the San Joaquin River below the
some grain in the fields) will also benefit manymouth of the Mereed River will contribute to the
wildlife that seasonally use these importantsurvival of adult and juvenile chinook salmon and
habitats, steelhead.

VISIONS FOR REDUCING OR SPHTTAtL

ELIMINATING STRESSORS
The vision is that splittall will have access to

WATER DIVERSIONS
seasonally flooded spawning habitat and that their
offspring will have unimpaired access to rearing

The vision for water diversions is that the      and foraging areas.

diversion
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WHITE STURGEON AND GREEN STURGEON remain stable or increase with improvements in
habitat.

Improved flows in late winter and early spring
will benefit sturgeon spawning. Improved stream WESTERN YELLOW-BILLED CUCKOO
meander corridors should also benefit sturgeon.
The vision is that restoration of eeologieaI The yellow-billedeuekoo along the San Joaquin
processes and habitats along with a reduction ofRiver and its tributaries is not a species for which
stressors will contribute to stable and largerspecific restoration projects are proposed.
sturgeonpopulations. Potential habitat for the cuckoo will be expanded

by improvements in riparian habitat areas. These
AMERIC,~I SHAD improvements will result from efforts to protect,

maintain, and restore riparian and riverine aquatic
The vision for American shad is to supporthabitats throughout the San Joaquin River and
restoration goalsestablishedbytheUSFWS. East San Joaquin Ecological Zones, thus

sustaining the river meander belt, and increasing
GIANT GARTER SNAKE AND WESTERN the natural sediment supply to support meander

POND TURTLE and riparian regeneration.

The vision for the giant garter snake is to assist in SHOREBIRDS AND WADING BIRDS

its recovery in order to contribute to the overall
species richness and diversity. Achieving thisShorebirds and wading birds will benefit from
vision will reduce the eortfliet between protectionrestoration of wetland, riparian, aquatic, and
for this species and other beneficial uses of landagricultural habitats. The extent of seasonal use of
and water in the Bay-Delta. Protecting existingthe East San Joaquin Ecological Zone by these
and restoring additional suitable wetland andbirds should increase.
upland habitats will be critical to achieving
recovery of the giant garter snake. The proposed WATERFOWL
restoration of aquatic, .wetland, and riparian
habitats in the East San Joaquin Ecological ZoneMany species of resident and migratory waterfowl
will help in the recovery of these species bywill benefit from improved aquatic, wetland,
increasing habitat quality and area. riparian, and agricultural.habitats. Increase use of

the East San Joaquin Ecological Zone and
SWAINSON’S HAWK possibly increases in some populations would be

expected.
Improvements in riparian and agricultural wildlife
habitats will aid in the recovery of the Swainson’s NEOTROPICAL 1V[IGRATORY Bn~s
hawk. Increased abundance and possibly some
nesting would be expected as a result of improvedThe vision for the neotropieal migratory bird
habitat. . guild is to restore and maintain healthy

populations of neotropical migratory birds
GREATER SANDHILL CRANE through restoring habitats on which they depend.

Protecting existing and restoring additional
Improvements in p~ lands and seasonallysuitable wetland, riparian, and grassland habitats
flooded agricultural habitats, such as flooded cornwill be critical to maintaining healthy neotropical
fields, should help toward recovery of the greatermigrant bird populations in the Bay-Delta.
sandhill crane population. The population should
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INTEGRATION WITH OTHER and project consm~ction. The ERPP vision for this
ecological zone will .also assist DFG as it

RESTORATION PROGRAMS toward its of the numbergoalprogresses doubling
of anadromous fish over 1988 population levels.

The Ecosystem Restoration Program Plan (ERPP)
proposes targets and actions for the San JoaquinThis plan proposes coordination between the U.S.
River Ecological Zone to augment other currentArmy Corps of Engineers (Corps), USFWS,
and future restoration efforts for the zone. California Department of Water Resources

(DWR), and other participating agencies to review
SAN JOAQUINRIVER!V[ANAGEMENT and reevaluate the San Joaquin River flood

PROGRAM control system in light of the inadequate capacity
demonstrated by the 1997 floods, and consistent

The San Joaquin River Management Program waswith - floodplain habitat recommendations
established through State legislation (Chaptercontained in the 1995 San Joaquin River
1068/90) to develop comprehensive andManagement Plan. Emphasis will be placed on
compatible solutions to water supply, water. managing the floodplain and detaining floodflows
qualiW, flood control, fisheries, wildlife habitat,to meet safety, infrastructure reliability, and
and recreational needs in the San Joaquin Riverhabitat objectives, along with reconstructing and
bash. upgrading existing levees.

I CENTRAL VALLEY PROJECT AGREEMENT ON SAN JOAQUIN RIVER

IMPROVEMENT ACT PROTECTION

I Section 3406(c) of the Central Valley Project In an effort to resolve issues brought forth in the
Improvement Act directed the Secretary of theState Water Resources Control Board’s 1995
Interior to develop a comprehensive plan toWater Quality Control Plan for the Bay/Delta, the

I address fish, wildlife, and habitat concerns on theSan Joaquin River Tributaries Association, San
San Joaquin River. The vision for the San JoaquinJoaquin River Exchange Contractors Water
River Ecological Zone will also ,complementAuthority, Fdant Water Users Authority, and the
efforts of the U.S. Fish and Wildlife ServiceSan Francisco Public Utilities Commission

I (USFWS) Anadromous Fish Rest0mtion Program. collaborated to identify feasible, voluntary actions
The goal of the program is to double the naturalto protect the San Joaquin River’s fish resources.
production ofanadromous fish in the system overIn spring 1996, these parties agreed on a "Letter

I average production during 1967 through 1991. to Joaquinof Intent ResolveSan RiverIssues."
This agreement, when finalized, has the potential

SALMON, S~’EELHEAD TROUT AND of providing the following:
I .~IADROMOUS FISHERIES PROGRAM ACT

¯ h~gber minimum base flows, ~..,

Established in 1988 by Senate Bill 2261, this Acti directs the California DFG to implement measures significantlyincreased pulseflows,

to double the numbers of salmon and steelhead
present in the Central Valley (DFG 1993, 1996)." ¯ installation and operation of a new fish barrier

I steelhead on the mainstem San Joaquin River,The DFG’s salmon and restoration

program includes cooperative efforts with loca~
governments and private landowners to identifȳ set up a new biological monitoring program,

I and to assist in obtaining funding andproblem
for feasibility studies, environmental permitting,
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¯ set aside federal restoration funds to cover acre-feet to help implement fish-doubling
costs associated with these measures., objectives of the Central Valley Project

Improvement Act; and
One of the important components of the
Agreement is the development of the Vernalis̄ Seasonal installation of a fish barrier at the
Adaptive Management Program .(VAMP) to head of Old River for a five-year period.
improve environmental conditions on the San
Joaquin River. Elements of this potential adaptive SAN JOAQUIN RIVER RIPARIAN
management program include a range of flow and RESTORATION PROJECT
non-flow habitat improvement actions throughout
the watershed, and an experimental programThe San Joaquin River Riparian Project was
designed to collect data needed to developconceived in 1996 by the Friant Water Users
scientifically sound fishery management optionsAuthority, the Natural Resources Defense
for the future. Council, and the Pacific Coast Federation of

Fishermen’s Associations who share a strong
The future of ~he Agreement is unknown at thisinterest in the mainstem of the San Joaquin River.
time. However, several actions by the SanThe group agreed to pursue mutually acceptable
~Ioaquin River Stakeholders Policy Group and restoration activities and initially will focus on
other parties have been or are presently beingriparian habitat restoration along the San Joaquin
implemented throughout the watershed. TheseRiver from Friant Dam to the confluence with the
actions include: Merced River. There are many benefits to

developing and implementing a riparian
m Increased flow from the Tuolumne River, and restoration plan, including improved flood

imple.mentatiorr of non-fl0w programs control, groundwater recharge, and fish and
through a settlement between the Federalwildlife enhancement. Other projects may be
Energy Regulatory Commissionand pursued as consensus is reached.
numerous other parties;

Riparian restoration may take a variety of forms
¯ An interim operating plan for the New and the project will be developed to ensure that it

Melones Project to provide additional flows is consistent with other goals and objectives
on" the Stauislaus River, established for the San Joaquin River. This is a

stakeholder driven project that will need the
¯ New fishery respc, nse test programs on theassistance of all the interested parties and the

Merced River, public. This effort falls under the purview ~fthe
CVPIA and startup efforts will be supported by

¯ Actions by water users on the Stanislaus andthe Restoration Fund. The program is managed
Merced Rivers to sell water purchase options from the South-Central California Area Office of
that would help meet Central Valley Project the USBR in Fresno. The SJRRRP will be
Improvement Act objectives; carefully coordinated with other related programs

, . including the CALFED Bay-Delta Program.
¯ Salmon smelt out-migration studies

conducted by Oakdale Irrigation District, CENTRAL VALI.,EY l~u~BrrAT JOINT
South San Joaquin Irrigation District, USFS, VENT!ORE
and DFG on the Stanislaus River;,

The,Central Valley Habitat Joint Venture and the¯ A two-year water purchase by USBR from North American Waterfowl Management Plan
Oakdale Irrigation District and South San have developed objectives for wetlands in the San
Joaquin Irrigation Districts of up to 50,000 Joaquin River Ecological Zone. These objectives
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are consistent with the ERPP targets developedAlthough delta smelt (federally listed as
for this ecological zone. threatened) do not inhabit the San Joaquin River

flows from this haveEcologicalZone, zone.

LINKAGE TO OTI R significant effects on habitat for the species in the
Delta. Delta smelt spawn in different locations in

ECOLOGICAL ZONES the Delta each year. Some always spawn on the
San Joaquin side of the Delta; however, and

Restoring and maintaining important ecologicalsometimes hydrologic conditions cause larvae and
processes and functions in the San Joaquin Riverjuveniles to move from the Sacramento to the San
Ecological Zone depends on conditions in bothJoaquin side. In the 1995 USFWS biological
the main tributaries to the river (the East Sanopinion for delta smelt, year-round base flows and
Joaquin Basin Ecological Zone) and theApril and May flows from the San Joaquin River
downstream Sacramento-San Joaquin Deltaare specified to protect delta smelt. The biological
Ecological Zone. Water, sediment, nutrientopinion also states that contaminants entering the
supply, and input of contaminants from tributaryDelta from the San Joaquin River likely affect
streams all influence habitat conditions in thedelta smelt and its food organisms, as well as
mainstem San Joaquin River. Changes in thesejuvenile chinook salmon and striped bass.
factors from historical conditions have degraded -
habitat on the mainstem river. Maintaining aAdditionally, stressors affecting fish and wildlife
healthy riparian zone and balanced sedimentspecies that use the San Joaquin River during at
budget in the mainstem San Joaquin River willleast part of their life cycle occur outside the
depend on an appropriate inpm ofnutriems, water,identified ecological zones. For example, ocean
and sediment from the major tributaries. Waterrecreational and commercial fisheries have a
supply from the tributaries is critical tosignificant effect on the numbers ofanadromous
maintaining aquatic habitat in the mainstem riverfish returning to spawn and rear in the San
between the Merced River confluence andJoaquin River basin. New harvest management
Vemaiis .because Friant Dam diverts almost allstrategies for ocean fisherios may be needed in
the flow from the upper San Joaquin Riveraddition to restoration work inland.
watershed.

IMPLEMENTATION OBJECTIVES,
The Sacramento-San Joaquin Delta E~ological
Zone provides habitat for upstream migration ofTARGETS~ AND PROGRAMMATIC
adult anadromous fish and downstre~xn migration ACTIONS .
and rearing of juvenile anadromous,fish from the
San Joaquin River basin. Conditions in the DeltaTargets developed for the San Joaquin River
have a significantoeffect on anadromous fishEcological Zone can be classified by their

reliability in contributing to attainment of theproduction the San Joaquin River basin
because, in most years, a significant proportion ofimplementation objectives. ’ The target
inflow from the basin is diverted at the Delta andclassification system used in the following section
entrainment losses of juveniles are high. In turn,is follows: "
the volume of inflow and the input of nutrients,
contaminants, and sediments from the San
Joaquin River significantly affect the health of the
Delta ecosystem. Restoring and maintaining a
healthy ecosystem in this zone will be critical to
ecosystem restoration in the Delta.
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I
Class Description                   Tuolumne, and M~rced Rivers) are controlled by
¯ Target for which additional research,.. releases flora foothill storage reservoirs (New ¯

demonstration, and evaluation is needed toMelones, .New Don Pedro, and New Exchequer
determine feasibility or ecosystem response,reservoirs, respectively). Flows- from the

mainstem San Joaquin River are controlled by ¯
¯ ¯ Target which will be implemented in stagesFriant Dam. The significant reduction in ouOqow |with the appropriate monitoring to judge from the San Joaquin River caused by water

benefit andsuceess, development in the basin has significantly 1
reduced production of chinook salmon in the 1¯ ¯¯ Target that has sufficient cerlainty of successbasin. Increasing base-flow releases from the

to justify full implementation in accordance tributary reservoirs would increase habitat in the
with adaptive management, program priority mainstem San Joaquin River for rearing and for 1
setting, and phased implementation, upstream and downstream migration of fall-run

and late-fall-run chinook salmon, rainbow trout,
ECOLOGIC&L PROCESSES and steelhead and for spawning and rearing

1habitat of American shad, white and green
C̄ENTRAL VALLEY STREAMFLOWS sturgeon, and splittail from the Merced River

confluence to Vernalis.
IMPLEMENTATION OBJECTIVE: The implemen-
tation objective for Central Valley streamflows isEscapement of chinook salmon in the San Joaquin
to restore basic hydraulic (water flow) conditionsRiver basin appears to be strongly improved by 1
to reactivate and maintain ecological processeshigh April through June flows at Vernalis and low
that create and sustain habitat required for healthyexports during the year of outmigration
fish, wildlife, and plant populations. (California Department offish and Game 1992,

1993; Carl Mesick Consultants 1994). Based on
TARGET 1: Manage flow releases from tributarythis relationship, the USFWS (1995)
streams to provide adequate upstream andrecommended base flowsfor Yernalis by water- ¯
downstream passage of fall-run and late-fall-runyear type to meet the goals of the Anadromous
chinook salmon, rainbow trout, and steelhead andFish Restoration Prograrr~
spawning and rearing habitat for American shad, ¯
splittail, and sturgeon from the Merced RiverFlows from Friant Dam to Gravelly Ford should 1
confluence to Vernalis(¯¯). be managed to maintain native resident fish

populations ~tlil an evaluation of the potential to I
ACTION 1A: Develop a coopera- restore anadromous salmonids is completed ¯ I

tire program to purchase water from willing
sellers or develop alternative sources of water. Natural stream.meander belts in alluvial systems

transport and"deposit sediments and provide
iTARGET 2: Manage flow releases from Frianttransient habitats important to algae, aquatic....

Dam to Gravelly Ford to maintain sustainable~ertebrates, and fish, as well as substrates 1

populationsof resident native fish (¯¯)~ (surfaces on which plants and animals can live) 1
for colonization by riparian vegetation.

PROGRAMMATIC ACTION 2A: Evaluate the feasi=
bility of increasing flows below Friant to restore STREAM MEANDER l
terrestrial and aquatic habitats for fish and
wildlife including anadromous salmonids. IMPLEMENTATION t~rECrlVE: The implemen-

tation objective for stream meander is to maintain, I
I~u4TIONALE: l~ows in the major eastside tribu- improve, or restore natural stream meander
taries to the San Joaquin River (Stanislaus, processes to allow the natural recruitment of

¯
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sediments, to create habitats, and to promoteownershipof floodplain along the lower San
riparian succession. Joaquin River.

TARGET 1: Restore and maintain a defined.      RATIONALE: Setback’levees will provide more
stream-meander zone on the San Joaquin Riverfloodplain flooding, room for stream meander,
between Vernalis and th6 mouth of the Mercedand more riparian forest and seasonal wetland
River(4,4~4,). habitats along the lower San Joaquin River.

Channel form adjustments may be necessary to
PROGRAMMATIC ACTION 1A: Develop a coop- accelerate restoration of natural floodplain
erative strategy to acquire or obtain easements onhabitats and to restore and maintain
floodplain and riparian land. configurations that may not occur naturally due to

remaining co.nstraints from new setbackthe
RATIONALE: Preserving and improving the stream levees. Permanent structures such as bridges and
.meander belt below the mouth of the Merced " diversions dams can interrupt and impair natural
River will ensure that this natural floodplain and habitat development andimportant processes
process is maintained in the San Joaquin River. succession, thus requiring removal of the
This reach is important for migrating and rearing structures, rebuilding, or some continuing
salmon and steelhead and other anadromous and maintenance or mitigation to minimize their
resident fish species. A natural meander process effects;
will provide excellent habitat for spawning
(through gravel recruitmenO, rearing (channel Major flood flows along the San Joaquin River
form, cover, and foodweb), and migration. The periodically exceed flow capacity within the river
stream channel meander program must be levees, causing local and regional flooding. Even
consistent withfloodcontrolrequirements ~ in lesser flows can result in seepage damage to
the longer term, should reduce the need for future levees and lands adjacent to the floodway. The
flood control efforts by using natural system U.S. Army Corps of Engineers investigated the
resilience and flood control characteristics, potential for a demonstration project for

distributing peak flood flows over land on wildlife
NATURAL FLOODPLAIN AND FLOOD- refuges adjacent to the river. A previous analysis

PROCESSES " of the West Bear Creek Floodplain Restoration
Project was a joint effort by the U.S. Fish and

IMPLEMENTATION OBJECTIVE: The implemen- Wildlife Service and the California Department of
ration objective for natural floodplains and floodWater Resources using the San Joaquin Basin
processes is to modify eharmel and basin config-Action Plan interagency agreement and the San
urations to improve floodplain function alongJoaquin River Management Program funding.
rivers and streams in the Sacramento-San JoaquinRecently, the CALFED Category HI restoration
basin, program provided funding to the USFWS to

conduct a feasibility study for this floodplain
TARGET 1: Restore floodplain-river interactions restoration prograr~
in the San Joaquin River between Vemalis andthe
mouth of the Mereed River (4,4,4~). CENTRAL VALLEY STREAM

TEMrV.RATIm~S
ACTION 1A: Develop a eoopera-PROGRAMMATIC

tive program to evaluate the potential for leveeIMPLEMENTATION OBJEC’n~: The implemen-
deauthorization, levee removal, or levee setbacks,ration objective for Central Valley stream

temperatures is to maintain, improve, and restore
PROGRAMMATIC ACTION 1B: Develop a coop- water temperature regimes to meet the life-history
erative strategy to acquire or obtain easements orneeds of aquatic organisms.
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TARGET 1: Manage reservoir releases and other̄ reduce the effects of contaminants and water
factors to provide suitable water temperatures for~ management on.the Delta’s aquatic resources;
important resources from the Merced River and
confluence to Vemalis (,~).

¯ provide high-quality foraging and resting 1
PROGRAMMATIC ACTION1A:Evaluatethefeasi- habitat for wintering waterfowl, greater |
bility of releasing sufficient instream flows to sandhill cranes, and migratory and wintering
improve the temperature regime for important shorebirds.
resources.

IThis will help to restore and maintain the
PROGRAMMATIC ACTION 1B: Evaluate the .use of ecological health of the aquatic resources.

upstream temperaturecontrol devices and ¯
reservoir management options to reduce waterTARGET 1: Assist in protecting 52,500 acres of
temperatures during critical periods, existing seasonal wetland habitat through fee

acquisition or perpetual easements consistent with1
PROGRAMMATIC ACTION 1�: Develop a the goals of the Central Valley Habitat Joint
cooperative program to evaluate the potential forVenture and the North American Waterfowl
restoring riparian vegetation to reduce waterManageme~ Plan(~,).
t~mperatures.

PROGRAMMATIC ACI’ION 1A: Develop and
PROGRAMMATIC ACTION 1D: Develop a implement a cooperative program to improve 1
cooperative program to evaluate the impact ofmanagement of 52,500 acres of existing, degraded
discharge returns on stream temperature, seasonal wetland habitat.

P~4TIONAI~: l~at~r temperatures in the mainstem TARGET 2: Develop and implement a cooperative 1
San Joaquin River between the Merced.River program to enhance 120,300 acres of existing
confluence and Vernalis in the fall and spring public and private seasonal wetland habitat ¯
often exceed stressful or lethal levels for upstream consistent with the goals of the Central Valley
and downstream migr~ing fall-run chinook Habitat Joint Venture and the North American
salmon. High temperatures are thought to delay Waterfowl Management Plan (~).
migration in the fall (DFG 1992) and increase
mortality ofrearing ~outmigraffngjuveniles in PROGRAMMATIC ACTION 2A: Improve and
the spring (DFG 1993). When the Vernalis flow is manage seasonal wetland habitat throughout the
5,000 cfs. or less in May, water temperatures are ecological zone. l
at levels of chronic stress. Maintenance of
improved base flows in the fall and spring will RA110NAI~: Restoring seasonal wetland habitats
increase survival of up and downstream migrating along .with aquatic, permanent wetland, and l
chinook salmon, riparian habitats is an essential element of the

restoration strategy for the Joaquin Ecological.
]]~BITATS Zone. Restoring these habitats will also reduce l

the amount and concentrations of contaminants
SEASONAL WETLANDS that could interfere with restoring the ecological

health of the aquatic ecosystetr~ Seasonal l
IMP~ATION OBJECl’IV~: Restore and wetlands support a high production rate of

manage seasonal wetland habitat to: primary and secondary food species and large
blooms (densepopulations) of aquatic
invertebrates.¯ restore foodweb and floodplain processes,
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Wetlands that are dry in summer are also efficient habitat to agriculture arid urban development; the
sinks for the transformation of nutrients and the extent of riparian vegetation along the mainstem
breakdown and ~ San River has been reducedof pesticides other contaminants. Joaquin signij~cant~y

The roughness of seasonal wetland vegetation Before they were disturbed, riparian forests were
filters and traps sediment and organic an important component of the mosaic of habitats
particulates, flowing from Joaquin providing habitat for aWater out seasonal intheSan Valley,
wetlands is typically high in foodweb prey species variety of native wildlife species. The riparian
concentrations and fine particulate organic comtmmity pro~ides nutrients and woody debris to
matter that feed marry Delta aquatic and the aquatic system, along with shade and
semiaquatic fish and wildlife. To capitalize on increased bank stability. The importance of
these functions, most of the seasonal wetlands of restoring riparian habitat has lJeen identified by
the San Joaquin Ecological Zone should be DFG (1993) and USFWS(1997).
subject to periodic flooding and overland flow
from river floodplains. AGRICULTURAL LANDS

_ RIPARIAN AND RIVERINE AQUATIC IMPLEMENTATION OBJECTIVE: Cooperatively
HABITATS manage agricultural lands to provide high quality

wildlife values for associated species, and
IMPLEMENTATION OBJECTIVE: The implemen- maintain or increase the economic viability of
ration objective for riparian and riverine aquaticagricultural lands.
habitats is to restore riparian scrub, woodland, and
forest habitat along largely nonvegetatedTARGET 1: Cooperatively enhance 15, 290 acres
riprapped banks of Delta island levees, theof private agricultural land to support nesting and
Sacramento and San Joaquin Rivers, and theirwintering waterfowl consistent withtheobjectives
major tributaries. This will create corridors ofof the Central Valley Habitat Joint Venture and
riparian vegetation to provide shaded riverinethe North American Waterfowl Management Plan
aquatic cover for anadromous and other fish(’~).
species, and to create high-quality habitat for
associated special-status plant and animal speciesPROGRAMMATIC ACTION 1A: Increase the area of
and other wildlife, rice fields and other crop lands flooded in winter

and spring to provide high-quality foraging
TARGET 1: Restore 50 stream miles of diverse, habitat for wintering and migrating waterfowl and
self-sustaining riparian community_(~), shorebirds and associated wildlife.

PROGRAMMATIC ACTION 1A: Develop a RA~’IONALE: Following the extensive loss of
cooperative program~to restrict further removal of native wetland habitats in the Central Valley,
riparian vegetation, some wetland wildlife species have adapted to the

artificial wetlands of some agricultural practices
PROGRAMMATIC ACTION 1B: Develop a andhave become dependent on these wetlands to
cooperative to restore riparian habitat, sustain their populations. Agriculturally createdprogram

wetlands include rice lands; fields flooded for
PROGRAMMATIC ACTION 1C: Improve land weed andpest control; stubble management; and
management and livestock grazing practices alongtailwater.circulation ponds.
streams and riparian zones.

Managing agricultural lands to increase forage
RATIONALE: Because of high-flow-event for waterfowl and other wildlife willincrease the
reduction, stream channelizatian, livestock survival rates of overwintering wildlife and
grazing, gravel extraction, arut direct loss of
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strengthen them for migration, thus improving River upstream of the Mereed River confluence
breeding success. . ~ (.~).

Creating small ponds on farms with nearby PROGRAMMATIC ACTION 2A: Continue annually
waterfowl nesting habitat but little brood habitat installing a temporary weir on the San Joaquin
will increase production of resident waterfowl River immediately upstream from the confluence
species when brood ponds are developed and with the Mereed River to block aduk salmon
managed properly. Researchers and wetland migration.

with the DFG, U.S. Fish and Wildlife Imanagers
Service and the Californ~ Waterfowl Association RATIONALE: Three large water diversions are
have found that well managed brood ponds between the Merced River confluence and
produce the high levels of invertebrates needed to Vernalis on the mainstem San Joaquin River: El
support brooding waterfowl. Other wildlife such Solyo, West Stanislaus, and.Patterson Irrigatian
as the giant garter snake will also benefit. District diversions. Fishscreens were installed at
Restoring suitable nesting habitat near brood these diversions in the late 1970s; however, 1
ponds wil! increase the production of resident because of the scarcity of returning salmon, the
waterfowl species, inappropriate design and inefficiency of the

screens, and the high cost of maintenance; the
REDUCING OR ELIM!NATING screens were abandoned within a few years..

STRESSORS Together, these diversions can withdrawa
significant portion of the mainstem riverflow,

WATER DIVERSIONS                particularly during dry water years. Irrigation
diversions take place during the juvenile salmon
outmigration. In addition, many, small or

1IM~PLEMENTATION OI~IE~I’IVE: The implementa- medium-sized diversions are on this reach of the
tion objective is to reduce entrainment of juvenileSan Joaquin River.
fish into water diversions to increase survival and
populationabundancetolevelsthatcontributeto In recent years, drainage practices in. western
the health of the Delta and other beneficial uses ofMerced County have increased agricultural
land and water, return flows from Salt and Mud Sloughs into the

mainstem San Joaquin River. These flows attract
TARGET 1: Reduce entrainment of fish and othersignificant numbers of adult salmon into the
aquatic organisms into diversions by. 50%, bysloughs and, subsequently, ....rote trrtgatton canazs
volume, from the Merced River confluence towhere no spawning habitat is available (DFG
Vernalis (..~). 1993). 1n fall 1991, 31~ of the run in th~ San

Joaquin River basin is estimated to have strayed
PROGRAblMATIC AcZI’ION 1A: Develop a into westside canals. In the late 1980s, DFG icooperative approach to install state,of-the-artestablished an adult trapping station at Los Banes
fish screens at E1 Solyo, Patterson, and WestWildlife Refuge at which eggs were taken for
Stanislaus Irrigation District diversions, rearing at the Merced River Fish Facility. In fall

1992, DFG installed a temporary electrical
PROGRAMMATIC ACTION’ IB: Develop a barrier across the mainstem San Joaquin River
cooperative program to evaluate the feasibility ofimmediately upstream from the confluence with 1
installing state-of-the-art screens on small andthe Merced River; this was extremely effective in
medium-sized diversions, blockingfish pa~sage into the westside irrigation

canals. Since then, a temporary weir has been
TARGET 2: Eliminate the loss of adult fall-runinstalled at the site annually, and this has also 1
chinook salmon straying into the San Joaquinbeen effective in blocking passage.
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LEVEES, BRIDGES, AND PROGRAMMATIC ACTION tA: Develop a

BANK PROTECTION cooperative program to improve land management
and livestock grazing practices along streams and

IMPLEMENTATION OBJECTIVE: The implemen- riparian zones and reduce streambank erosion and
ration objective for levees, bridges, and banksediment input.
protection is to reestablish or reactivate earth
forming processes in artificially confined channelPROGRAMMAT/C ACTION 1B: Develop a
reaches to allow periodic flooding of the naturalcooperative program to remove free sediments

from the stream channel.floodplain.

TARGET 1: Set back 10 miles of levees along thePROGRAMMATIC A~rION 1C: Facilitate transport
San River the Merced of free sediments by restoring the balanceJoaquin between River
confluence and .Venaalis where feasible tobetween riverchannelcortfiguration, flow regime,
reestablish the hydrologic connectivity betweenand sediment supply.

-P~ATIONALE: Land use and livestock grazing
thesechannelsandnaturalfloodplains

PROGRAMMATIC ACTION 1A: Develop a coop- practices adjacent to the San Joaquin River have
erative strategy to evaluate the potential for leveeincreased streambank erosion andfine sediment
deauthorization or relocation, input from historical levels. Accumulating fine

sediments have caused channel buildup.
PROGRAMMATICACTION1B:Developacoopera- Improving land use and livestock grazing
rive program to acquire or obtain easements onpractices along the mainstem San Joaquin River
floodplain and riparian land needed to meetand tributaries will reduce streambank erosion
restoration goals. "- and the input of fine sediments.

J~ITIONAL£: Natural stream meander belts in CONTAMINANTS
alluvial systems function to transport and deposit
sediments and provide transient habitats IMPLEMENTATION OBJECTIVE: The implemen-
important to algae, aquatic invertebrates, and ration objective is to reduce concentrations and
fish, as well as providing substrates for loading of contaminants in the aquatic
colonization by riparian vegetation. Setting back environment and the subsequent bioaccumulation
levees along the San Joaquin River encourages (increase of contaminant concentrations in living
natural stream meander and flooding processes, things) by aquatic species. Reducing contaminants

would increase survival of andaquaticspecies
LAI~m USE eliminate public health concerns resulting from

accumulation of toxins in tissues.
~LEMFaNTATION OBJECTIVE: Promote range-
land management practices and livestock stockingTARGET 1: Reduce losses of fish and wildlife
levels to maintain high-quality habitat conditionsfrom use of pesticides, hydrocarbons, heavy

and metals, and other pollutants in the basin (~).for wildlife, aquatic, plant communities;
protect special-status plants; protect riparian
vegetation; maintain shaded riverine aquaticPROGRAMMATIC ACTION IA: Provide additional
habitat; and prevent bank erosion, funding to enforce State laws regarding point- and

nonpoint-souree pollution.
TARGET 1: Restore the fine sediment regime,
maintaining the balance between fine sedimentPROGRAMMATIC ACTION 1B: Develop a

input and transport from the system (¯). cooperative program to strengthen water quality
standards as needed.
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PROGRAMMATIC ACTION lc: Work with local proposed for the Sacramento River, American
landowners and State and federal agencies to, River Basin, Yolo Basin, Feather River/Sutter 1
improve land management practices to reduceBasin, and Eastside Delta Tributaries Ecological
contaminant input. Zones,

PROGRAMMATIC ACTION 1D: Evaluate the use of RATIONALE: Splittail are presently restricted to a 1
real-time releases from tile drainage, fraction of their historic range. Restoring splittail

to their former range outside the Delta is in an 1
RATIONALE: Poor water quality resulting from important goal for this species..Restoration of the 1point- and nonpoint-source discharge of toxic species refers primarily to restoration of the
chemicals and other pollutants may affect reduced Delta populations. Nonetheless, some
anadromous fish survival in the San Joaquin actions that may assist in restoration of this native

1River basin. Drainage practices in western species to a portion of its previous upstream
Merced County result in highly saline and range include: (1)creating meander belts along
pollution-laden agricultural return flows from the Sacramento River by levee .setbacks, (2) 1
Salt and Mud Sloughs into the mainstem San creating, floodable wetlands in the lower San
Joaquin River above the confluence with the Joaquin, Tuolurane, and Stanislaus Rivers, (3)
Merced River. Contaminant input from this area restoring marsh in the Delta and Suisun Marsh,
also affects water quality in the downstream (4) managing bypasses for fish, and (5)removing
Sacramento-San Joaquin Delta Ecological Zone. upstream barriers to migration.

SPECIES Because of the splittail’s distribution, restoration
actions in the following ecological zones will

SACRAMENTO SPLITTAIL contribute to their recovery: Sacramento River, 1
East San Joaquin, San Joaquin River,

IMPLEMENTATION OBJECTIVE: The implemen- Sacramento-San Joaquin Delta, Suisun

ration objective for Sacramento splittail in the SanMarsh/North San Francisco Bay, Colusa Basin, 1
Joaquin River Ecological Zone is to assist in theFeather River/Sutter Basin, American River

recovery of this species; which is proposed forBasin, and Yolo Basin. Many of the related

listing under the federal Endangered Species Actactions include ecological process restorations 1
(ESA). linked to natural floodplains and flood processes.

TARGET: Increase the average annual abundance. Restoration goals established by the USFWS for 1
of adult fish and their distribution to the levelssplittail include the following: maintain an index

and exten~ that existed from 1967 through 1983 of population abundance using the fall midwateJ,

(4~4,).
trawl index equal to the 1967 through 1983
average indeX. Splittail will be considered

PROGRAMMATIC ACTION: Actions in the San restored when the fall midwater trawl index

Joaquin River .Ecological Zone have beenexceeds 19 for 7 out of l5 years, Splittailwillbe

designed specifically to restore splittail or theirconsidered restored when the Suisun Marsh catch
1

habitat. This species will dir~ctiy benefit fromper trawl exceeds 3.8 for 7 out of 15 years and

previously described actions in this zone towhen splittail young abundance exceeds 3.1
ll

increase the area and distribution of riparian andcatches per trawl for at least 3 out of 15 years.
1

riverine aquatic habitats and natural flood andSplittail will be considered restored when Bay

floodplain processes. These programmatic actionsStudy otter trawl numbers exceed 18 for 7 out of
15 years and when splittail young numbers, exceed 1addressriparianand dverineaquatichabitatarid

natural flood and floodplain processes. Additional14for 3 out of 15 years.

restoration actions that will benefit splittail are

W ~
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CHINOOK SALMON have been diminished by human actions, these
habitats can be restored through a comprehensive

The :program to restore reactivate ec.ologicalIMPLEMENTATIONOBJECTIVE: implemen- or

ration objective for chinook salmon in the Sanprocesses, functions, and habitat elements
Joaquin River Ecological Zone is to contribute tosystematically, while reducing or eliminating
the restoration of fall-run chinook to support sportsources of mortality and other stressars that
and commercial fisheries, impair the survival of chinook salmon.

TARGET: Maintain the average cohortThere are three major prograras to restore
replacement rate of fall-run chinook salmon abovechinook salmon populations in the Central Valley.
1.0 while the stock is rebuilding and then maintainThe Secretary of the Interior is required by the
a replacement rate equal to or greater thma 1.0Central Valley Project Improvement Act (PL 102-
when the stock reaches restoration goal levels set575) to double the naturalproduction of Central
by the regulatory agencies (~1~). Valley anadromous fish stocks by 2002 (USFWS

1995). The National Marine Fisheries Service
PROGRAMMATIC ACTION: Actions in the San (NMlZS) is required under the federal ESA to
Joaquin River Ecological Zone have beendevelop and implement a recovery plan for the
designed specifically to restore fall-run chinookendangered winter-run chinook salmon and to
and its habitat. This species will directly benefitrestore the stock to levels that will allow its
from previously described actions in this zone toremoval from the list of endangered species
improve or restore ecological processes and(NMFS 1996). The DFG is required under State
functions that create and maintain habitat and tolegislation (the Salmon, Steelhead Trout and
reduce stressors that adversely a_fleet processes,Anadromous Fisheries Program Act of 1988) to
habitats, and fall-run Chinook salmon directly,double the numbers of salmon that were present in
Theses programmatic actions address: the Central Valley in 1988 (Reynolds et al. 1993).

¯ Central Valley streamflows, Each of the major chinook salmon
¯ stream channel meander, and restoration/recovery programs developed
¯ riparian and riverine aquatic habitat, specific goals for Central Valley chinook salmon

stocks. ERPP embraces each of the
Additional prog~mmati.c actions that willrestoration/recovery goals and will contribute to
contribute to the restoration of fall-run chinookeach agency’s program by restoring critical
salmon are proposed for the Sacramento River,ecological processes, functions, and habitats and
East San Joaquin, Eastside Delta Tributaries,by reducing or eliminating stressors. ERPP’s
Sacramento-San Joaquin Delta, and Suisunapproach is to contribute to managing and
Marsh/North San- Franeisoo Bay Ecological restoring each stock with the goal Of maintaining
Zones. cohort replacement rates of much greater than 1.0

while the individual stocks are rebuilding to
RallONALE: Because of their life-history desired levels. When the stocks approach the
requirements, typical of all Pacif!~ salmon, desired population goals, ERPP will contribute to
Central Valley chinook, salmon require high- maintaining a cohort replacement rate of 1.0.
quality habitats for migration, homing, spawning,
egg incubation, emergence, rearing, and WIIITE STURGEON AI~
emigration to the ocean. These diverse habitats GREEN STURGEON
are still present throughout the Central Valley ~

and are successfully maintained to varying IMPLANTATION OlklECI1VI~:. The implemen-
degrees by existing ecological processes. Even ration objective for white sturgeon and green
though the quality and accessibility ofthe habitats sturgeon in to the San Joaquin River F_~ological
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Zone is to restore the distribution and abundancewhite sturgeon are to double the abundance of the
of the white sturgeon to historical levels to~average 1967through 1991population estimates
support a sport fishery and to assist in theoffish older than 15 years and to maintain a
recovery of the green sturgeon, a DFG species ofpopulation of at least 100,O00fish over 102 cm
special concern. Meeting this objective would long.
contribute to species richness and diversity and
reduce conflict between the need for theirAlthough the DFG and the USFWS have set
protection and other beneficial uses of water inpopulation and harvest goals, "the ERPP target
the Bay-Delta. will be achieved by restoration actions

undertaken and completed in the Sacramento
WRITE STURGEON aPdver, Feather River, Sacramento-San Joaquin

Delta, and Suisun Marsh/North San Francisco
TARGET: Increase the average annual abundanceBay Ecological Zones.
of adult white sturgeon to levels that will maintain
a large sport fishery (4~40. GREEN STURGEON

PROGRAMMATIC ACTION: Actions in the San TARGET: Increase the average annual abundance
Joaquin River Ecological Zone have beenof adult green sturgeon to levels that will ensure
designed specifically to restore white sturgeon orthe continued existence of this species
their habitat. This species will directly benefit
from previously described actions in this zone toPROGRAMMATIC ACTION: Actions in the San
increase and improve strearnflows, naturalJoaquin River Ecological Zone have been
sediment supply, stream channel meander, and thedesigned specifically to restore green sturgeon or
area and distribution of riverine aquatic habitat,their habitat. This species will directly benefit
These programmatic actions address: from actions previously described in this zone to

increase and improve streamflows, natural
¯ Central Valley streamflows, sediment supply, stream channel meander, and the
¯ stream eharmel meander, area and distribution of riverine aquatic habitat.
¯ riparian and riverine aquatic habitat, and These programmatic actions address:
¯ water diversions.

¯ Central Valley streamflows,
Additional programmatic actions have been̄ stream channel meander,
proposed in the Feather River/Sutter Basin,̄ riparian and riverine aquatic habitat,
Sacramento-San Joaquin Delta, and Suisun̄ contaminants, and
Marsh/North San Francisco Bay Ecological Zones ¯ water diversions.
which will contrib~e to restoration of white
sturgeon. ¯ Additional programmatic actions contributing to

restoration of green sturgeon have been proposed
RATIONAI~: The success of the DFG’s white in.the Feather RiverlSutter Basin, San Joaquin "
sturgeon management program is clearly River, Sacramento-San Joaquin Delta, and Suisun
indicated by comparison of the annual weight of Marsh/North San Francisco Bay Ecological
fish harvested which consistently is nearly 70% Zones.
of the average commercial catch from 1875 to
1899, about 374,000 pounds. The early RATIONAI.~: Greeh sturgeon is a species of
unregulated fishery nearly wiped out the concern. It is a legal sport fish in California,
populations in a short time, whereas the present Oregon, and Washington. The Bay-Delta system
managed sport fishery promises to yield constitutes the southernmost reproducing
continuous returns. The population goals for populations of green sturgeon. There is no direct
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evidence that green sturgeon have declined in the RATIONALE." Although American. shad are an
Sacramento River, but the population is quite introduced species, it supports highly seasonal
small, and a collapse could occur under some and popular sport fisheries during the shad
conditions. Green sturgeon require additional spawning migration..~mprovedstreamflows in the
focused research on life history, distribution, and lower San Joaquin River will contribute to
abundance, population abundance.

The restoration goal for green sturgeon is to GIANT GARTER SNAKE AND WESTERN
maintain a 50-year median population of 1,000 POND TURTLE
fish over I m in total length (USFWS 1.996). The
population abuzuarance must not fall below 1,000 IMPLEMENTATION OBJECTIVE’- Assist ill the
fish over 1 m in total length for more than 3 r~coveryof the gartersnake~ federally
consecutive years. The 1,000 fish over 1 m in listed threatened species. Meeting this objective
length must include 500 females over 1.3 m in would contribute to species richness and diversity
lengtl~ Reduce the annual harvest rate to less and reduce conflict between the.need for their
than 5% of the population.    _ protection and other beneficial uses of land and

water in the Bay-Delta.
As with restoration actions for white sturgeon, -
actions that will contribute to the protection and TARGET: Restore wetland habitat throughout the
restoration of green sturgeon will occur in the San Joaquin River Ecological Zone
Sacramento River, Feather River, Sacramento-
San doaquin Delta, and Suisun Marsh/North San PROGRAMMATIC ACTIONS: Enhance existing
Francisco Bay Ecological Zones. poor habitats and restore new habitats in historical

wetlands.(Refer to targets and programmatic
AMERICAN StlAD actions for riparian and riverine aquatic habitat.)

IMPLEMENTATION OBJECTIVE: The implemen- J~4TIONALE." Restoration of the giant garter snake
tation objective for American shad in the Sanand western pond turtle will come indirectly from
Joaquin River Ecological Zone is to contribute torestoration of wetland areas and marshes in areas

i naturally spawning populations that support sportwhere remnant habitats and populatioris now
fisheries similar to those observed in the 1960sexist.
and 1970s. This will contribute to the recreational

i use of the Bay-Delta. SWAINSON’S HAWK

TARGET: Contribute to maintaining a 25-yearIMI’LEMENTATION OBJECTt~: Assist in the
average index of abundance equal to the 1967recovery of th~s State-listed threatened species.I through 1991 fall midwater trawl index (~). of Swainson’ hawk would contribute toRecovery S

species richness and diversity and reduce conflict
PROGRAMMATIC ACTION: American shad will :~between the need for its protection and other
benefit from the programmatic actions proposedbeneficial uses of land and water in the Bay-Delta.
f̄or the San Joaquin River Ecological Zone. Other
programmatic actions that will benefit AmericanTARGET: Restore nesting density, improve

I . shad are proposed for the Sacramento-Sanforaging habitat, and increase riparian forest and
Joaquin Delta, Sacramento River, Featheroak woodlands (~)~).
River\Sutter Basin, and Suistm Marsh/North San

I Francisco Bay Ecological Zones. PROGRAMMATIC ACTIONS: Restore riparian
woodlands and improve wildlife habitat values on
agrieu!tural lands. (Note: Please refer to the

Volume 11: Ecosystem Restoration Program Plan
~ ~ San.Ioaquin River Ecological Zone Fision
¯ 1~ ~ Draft: March 1998

I 393

C--00701 5
(3-007015



implementation objective, targets, and other beneficial uses of land and water in the Bay-
programmatic actions, for restoration of riparian Delta.
and riverine aquatic habitat.)

TARGET 1: Protect existing large patebes and
RATIONALE: Because Swainson’s hawks are restore suitable mature, dense willow-cottonwood
migratory birds and dependent on many factors riparian forests used by nesting cuckoos (.@).
outside the Delta, improvement Of habitat,
especially breeding habitat, is an important piece PROGRAMMATIC ACTION 1A: The primary focus
of their recovery. Restoring riparian forest area for restoration of the yellow-billed cuckoo is
habitat will provide breeding habitat, and the Delta. However, this species will directly
improving wildlife habitat on agricultural lands benefit from actions in this zone to increase the
will provide the necessary foraging habitat for" areal extent and distribution of riparian and
breeding hawks, fiverine aquatic habitats. (see. implementation

objective, targets, and programmatic actions that
GRE~TER SANDItlI.,L CRANE address riparian and riverine aquatic habitat).

IMI’LEMENTAT~ON O~-EC’Fi~: Assist in the RaTIONA.~E: Yellow-billed. cuckoos inhabit
of this State-listed threatened species,extensive deciduous riparian thickets or forests

Recovery of the greater sandhill crane wouldwith dense, low-level or understoryfoliage that.
contribute to species richness and diversity andabuts rivers, backwaters, or seeps. Overall, the
reduce conflict between the need for theirdecline of the cuckoo has resulted from the loss of
protection and other beneficial uses of land anddense riparian habitat along the lower floodplains
water in the Bay-Delta. of larger streams, including those found within

the Sacramento-San Joaquin Deltc~ Conversion of
TARGET: Establish suitable roosting habitat areas;land to agriculture, urbanization, and flood
enhance foraging habitat on agricultural lands;control projects have caused the loss of habitat..
and restore seasonally wetlands in the San -Joaquin --
River Ecological Zone (,@). The yellow-billed cuckoo is listed as endangered

by the State of Californio. It has been observed at
PROGRAMMATIC ACTIONS: Restoring emergent Chrisman Island. This listing charges the state
wetland, seasonal wetlands, and agriculturalwith the responsibility to conserve, protect,
foraging habitat would indirectly benefit therestore, and enhance the species as well as to
greater sandhill crane population, acquire lands for its habitat.

RAI"IONALg: Restoring large areas of freshwater Rebuilding the yellow-billed cuckoo population to
marshes and perennial grasslands adjacent to a healthy state will require a coordinated
agricultural lartds with enhanced foraging value approach to restoring ecosystem processes and
for cranes will help their recovery, functions, restoring habitat, and reducing or

eliminating stressors. Within the broad con.text of
YELLOW-BILLED ecosystemrestoration, restoration of the cuckoo

populations will include a wide variety of efforts,
IMPLEMENTATION OBJECTIVE: The implemen- many of which are being implemented for other
ration objective for the western yellow-billedecological purposes or w~hich ~. e nonspecific to
cuckoo is to assist in fine recovery of this state-the cuckoo. For example, restoration ofriparian
listed endangered species. Recovery of thewoodlands along the Sacramento River will focus
western yellow-billed cuckoo would contribute to on natural stream meander, flow, and natural
overall species richness and diversity and reducerevegetational/successionalprocess. These will be
conflict between the need for its protection andextremely important to providing shadedriverine
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aquatic habitat, woody debris, and other habitat NEOTROPICAL MIGRATORY BIRDS:

l values that contribute to the health of yellow- ~
billed cuckoo populations. Many similar actions IMPLEMENTATION OI~JEC’TIVE: Maintain healthy
are proposed for the streams in this ecological populations in order to contribute to overall

i zone. species richness and diversity and reduce conflict
between the need for their protection and other

SHOREBIRDS AND WADING BIRDS beneficial uses of land and water in the Bay-Delta.

l ’
IMPLEMENTATION Maintain and TARGET: Increase the abundance and distributionOBJEC’rIVE:
restore the distribution and abundance ofof neotropical migratory birds in the Central
shorebirds and wading birds to contribute toValley (.*).

i species richness and diversity and reduce conflict
between the need for their protection and other~o~~TIc ACTIONS: The following types
beneficial uses of water in the Bay-Delta. of general programmatic actions will assist in

il meeting the target for neotropical migratory birds:
TARGET: Improve populations and distribution of
shorebirds and wading birds (~). ¯ increase wetland, riparian, grassland, and

agricultural habitats,
PROGRAMMATIC ACTIONS: Shorebirds and ¯ improve watershed health,
wading birds will indirectly benefit from¯ improve specific nesting habitats for
restoration-of wetlands and other aquatic habitats individual species within their existing and

¯ (ponds and lakes). ~estored habitats, and
~ ¯ protect nesting habitats from predators and
,~ RATIONALE: Restoring large areas of freshwater human disturbance.

marshes and adjacent ponds and lakes will
provide feeding and nesting habitat for many RATIONALE: The neotropical migratory bird

l species ofshorebirds and wading birds, guild comprises bird species that breed in North
America and winter in Central and South

WATERFOWL ‘4meric~    Representative species of the

i neotropical migratory bird guild are the western
IMP~ATION OBJE~: Maintain and kingbird, western wood-pewee, tree swallow, cliff
restore the distribution and abundance ofswallow, northern oriole, Wilson’s warbler, and

i waterfowl ~o contribute to species richness andyellow-breasted chat. Individual visions are
diversity and reduce conflict between the need fordeveloped far some neotropical migrants, such as
their protection and other beneficial uses of waterthe Swainson "s hawk and yellow-billed cuckoo,
in the Bay-Delta. and those visions contain more specific targets

relating tO those species. .4ll species of the
TARGET: Improve populations and distribution ofneotropical migratory bird guild, depend on the

~.~ waterfowl (~�~). flora of California to forage and reproduce,
.I typically from about May until September. The.

I~ROGRAMMATIC ACTIONS: Waterfowl will birds normally spend the rest of the year in
indirectly benefit from restoration of marshes,Central and South .4meric~

I riparian, and other aquatic habitats.
Neotropical birds occur throughout the California

~!~4TIONALE: Restoring large areas of riparian and are associated with most of California’s

I habitat freshwater marshes, and adjacentponds habitat types, including forested woodlands,
and lakes will provide feeding and nesting habitat riparian and montane riparian habitats,
for many species of waterfowl, unforested lowlands, grasslands, shrub habitats,

l
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valley foothill hardwood, ~alley foothill Central Valley Habitat Joint Venture. 1990.
hardwood-conifer, and wetlands. Population Central Valley Habitat Joint Venture
levels of many of these species has declined, ’ Implementation Plan, a component of the
primarily as a result of the loss and degradation North American Waterfowl Management
of habitats on which they depend, both in Plan. February 1990.
California and on their Central and South
American wintering areas. In California, the San ¯ Joaquin River Management Program
quality and quantity of important neotropical Advisory Council. 1993. An action plan for
migrant bird habitats have been substantially San Joaquin fall-run chinook salmon
reduced primarily by their conversion to populations. Fisheries Subcommittee,
agricultural, industrial, and urban uses, and land January. 30 p.
use practices that degrade the values provided by
these habitats. Achieving the implementation San Joaquin River Interests. 1997. Agreement on
objectives for the western yellow-billed cuckoo San Joaquin River Protection. Status Report.
and Swainson’s hawk will also help achieve the April 1997. 19 p.
implementation objectives for other neotropical
migratory birds as well. U.S. Fish and Wildlife Service. 1995. Working

paper on restoration needs: habitat restoration
REFERENCES USED TO actions to double natural production of

anadromous fish in the Central Valley of
DEVELOP ~ VISION FOR ~ California. May 9, 1995. Prepared for the

SAN JOAQUI~ RIVER U.S. Fish and Wildlife Service under the
direction of the Anadromous Fish Restoration

ECOLOGICAL ZONE Program Core Group. Stockton, CA.

California Department offish and Game. 1992.
Interim actions to reasonably protect San
Joaquin fall-run chinook salmon. (WRINT-
DFG Exhibit 25.) Prepared for the Water
Rights Phase of the State Water Reso~ces
Control Board Bay-Delta Hearing.
Proceedings. Sacramento, CA. June.

1993. Restoring Central
Valley streams: a plan for action. Sacramento,
CA. November¯ .

¯ 1996. Steelheadrestoration
and management plan for California.       ,:~
February 1996.

Carl Mesiek Consultants. 1994. The effects of
streamflow, water quality, Delta exports,
ocean harvest, and El Nifio conditions on fall-
run chinook salmon escapement in the San
Joaquin River drainage from 1951 to 1989.
Prepared for the Stanislaus River Council.
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EAST SAN JOAOUIN BASIN ECOLOGICAL ZONE

¯ water temperature, and
¯ upper watershed health.

Riparian and riverine aquatic is an important
habitat within zone and has close links to
wetlands areas. Caswell Memorial State Park is
the best example of remaining Great Valley
riparian habitat ha the San J0aquin Valley (with
the of the Cosumnes River Preserve inexception

the Kastside Delta Tributaries Ecological Zone).
Seasonally flooded wetlands are common through.
the lower portions of the basin and are important
habitats for waterfowl, shorebird, and wading bird
guilds. Important species include fall-run chinook
salmon, steelhead trout, native resident fish
guilds, waterfowl guilds, shorebird and wading
bird guilds, and riparian wildlife guilds.

Stressors include:
INTRODUCTION

¯ dams that hinder or block fish migration,
The F.~st San Joaquin Basin Ecological Zone legal and illegal fish harvest,
includes the lower Stanislans, Tuolumne, and̄ water diversions that result in insufficient
Mereed Rivers. These rivers support Sacramento-- flow in the lower portions of most streams,
San Joaquin Delta health by supplying freshwater̄ high water temperature during salmon and
inflow, sediments, nutrients, and seasonal habitats steelhead spawning and rearing,

for Delta species, especially fall-run chinook¯ poor water quality,

salmon, steelhead, waterfowl (including thē hatchery stocking of salmon and steelhead,
endangered Aleutian Canada goose), riparian̄ gravel mining in the stream channel,
brnsh rabbit, Swainsen’s hawk, giant garter snake,̄ poor land use and livestock grazing practices,
and western pond turtle. The overall health of thē high predation levels on juvenile salmon by
Delta depends on habitat quality and quantity in non-native fish, salmon and steelhead harvest,
this zone and the health of its fish, wildlife, and̄ and unscreened or poorly screened water
plant populations, diversions.

Important ecological processes that wouldThese stressors have reduced the health of fish

maintain or increase the health of the F.~ast Sanwildlife, and plant populations in the zone. Fall-

Joaquin Basin Ecological Zone are: run chinook salmon populations are generally
unhealthy because of poor habitat conditions
within the zone, entrainment at the Delta pumpingstreamflow,

¯ stream meander, plants, and high ocean harvest rates. The status of

¯ floodplain processes inundation steelhead in the zone is uncertain and will require

¯ sediment including gravel recruim~ent~ more focused research to determine if restorationsupply
transport, and cleansing, actions need to be implemented to improve
’ conditions for it survival. Wildlife populations are
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adv~,~ely affected by loss of riparian and wetlandBureau of Reclamation (Reclamation) as part of
habttats.and the ecological functions that maintainthe
them. Downstream of the New Melones Dam, Tulloch

Reservoir, with a gross storage capacity of

DESCRIPTION OF TIlE ZONE 68,400 af, regulates water releases from the New
Melones Dam. Goodwin Dam, downslream,

The East San Joaquin Basin Ecological Zone
regulates releases from Tulloch Reservoir and

includes the three major eastside tributaries to thediverts water for power and irrigation to South

San Joaquin River and consists of the followingSan Joaquin Irrigation District and Oakdale

ecological units (Figure 18): Irrigation District.

Monthly unimpaired flows at New Melones (900-¯ Stanislaus River Ecological Unit,
¯ Tuolumne River Ecological Unit, and square-mile watershed) average approximately

1,600 cubic feet per second (cfs), with highest¯ Mereed River Ecological Unit. runoffin the rainfall months of December through

The Stanislaus, Tuolumne, and Mereed rivers
March and in the snowmelt months of April, May,

flow through extensive and biologically valuableand June. This pattern is typical of San Joaquin
basin streams originating from the high Sierra.grassland/vernal pool complexes located in
During dry years, inflows are 500 to 1,800 efseastern Stanislaus and Mereed counties. Two

important National Wildlife Refuges are locatedfrom February through June, whereas summer

in this zone: Merced NWR and San Joaquin inflows are less than 50 cfs from August through

NWR. In addition to the larger ecological values,October. In driest years, inflows are less than 50

these units also provide habitat for many fish,efs from July through February but still reach

wildlife, and plant species. They are particularlypeaks near 1,500 cfs in April and May. In highest

important as spawning and rearing areas forrainfall years, average monthly inflows are 6,000
to 11,000 cfs from February through June, andchinook salmon.
600 to 1,400 cfs from August through October.

DESCRIF~ON OF ECOLOGICAL UNITS
Historical Monthly Average Flow

1loo
The Stanislaus River is the northernmost major         t000
tributary the San Joaquin "River basin
(Figure 18). The river flows westward into the
Central Valley, . draining approximately
1,100 square miles in the Sierra Nevada. The
average unimpaired runoff in the basin is about 200
1 ~2 million acre-feet (at’).

o

Signifieant changeshavebeenmadeinthehydro- J F M

logical conditions of the basin since agricultural
development began in the 1850s. New Melones
Dam, completed by the U.S. Army Corps of StanislausRiv~rStr~mflowatRipon01ighway99),1981-1991

(Dry year is the 20th percentile year, normal year is the 50th
Engineers (Corps) in 1978 and approved for per~ntile or median year.)
filling in 1981, is now the largest storage reservoir
in the Stanislaus basin, with a gross capacity ofMonthly historical average flow at Ripon (near
2.4 million at’. The project is operated by the U.S. the mouth of the Stanislaus River) is
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approximately 950 cfs and is more uniformlyFlows needed for fall-run chinook salmon smolt
distributed throughout, the year than unimpaired: (the life stage at which salmon are ready for
flow at New Melones Dam. In dry years, monthly saltwater), emigration, in particular, can be
average flows vary between 200 cfs and 500 efs,adequately met .in drier years with the present
except for a small increase to 750 efs in April.annual flow allocations. The results oflFIM and
Normal year flows range from 400 efs towater temperaturemodel for the StanislausRiver
1,100 efs, with a peak in April and lowest flows indicates that about 99,000 acre-feet can provide
from September through January. In driest years,suitable conditions between October 16 and June
flows vary from 200 efs to 400 efs. In highest7 for chinook salm6n. There is a positive
precipitation years, flows are similar torelationship between spring outflow at Vemalis
tmimpaired flows, ranging from monthly averages on the San Joaquin River and at Ripen on the
of 2,000 to 5,000 efs, with peaks in March and Stanislaus River to the number of adults reaching
April. the river 2% years later. Smelt survival studies

have not been completed for the Stanislaus River
Although considerable flow is diverted forand the existing data do not indicate that higher
irrigation upstream of Ripen, much of the waterflows would improve smelt survival. Three
released from New Melones is used for watersurvival tests have conducted at a range of flow
quality control in the San Joaquin River atreleases between 800 and 1,200 efs in the
Vemalis during the irrigation season and isStanislaus River and no obvious relationship
diverted at south Delta pumping plants. Fallbetween flow and smelt survival resulted from
minimum flows and spring flow pulses arethese tests. On the other hand, flow releases made
prescribed to sustain fall-run salmon, since the 1987 Reclamation and DFG agreement

have been substantially greater than those made
Interim flow releases for fishery purposes in thedining the 196%1991 and yet the chinook salmon
lower Stanislaus River were designated in a 1987population did not rebound.
agreement between Reclamation and
the California Department of Fish and GameDFG has developed flow recommendations for the
(DFG). This agreement, enacted under a DFGStanislaus River (California Department offish
protest of Reclamation’s water fight applicationsand Game 1993). Recommended flows for the
to redivert water from New Melones Dam, October 1 through March 31 period were based on
specified interim annual flow allocations forresults of the instream flow study for salmon
fisheries between 98,300 af and 302,100 af,spawning, egg incubation, and rearing. Flows
depending primarily on the carryover storage atduring April 1 through May 31 for late rearing
New Melones and inflow. Under the agreement, aand smelt emigration were based on results of the
7-year cooperative study program was establishedsmelt survival studies. These flows for the lower
to evaluate flows in the lower Stanislaus River. Stanislaus River are consistent, with spring

outflow objectives proposed for the basin at
In addition to flow alloeation~ for fisheries,Vemalis on the San Joaquin River. Summer flow
70,000 af are a minimum annual allocation forrecommendations incorporate the needs of
water quality purposes. To meet Delta wateroversummering yearling salmon and steelhead.
quality standards, Reclamation commonlyThe recommended fiows represent the minimum
releases additional water over the 70,000-acre-needed for salmon spawning rearing, and
foot requirement. In recent years, coordinatingemigration on the lower Stanislaus River. These
fishery and water quality flow releases andflows wouldrepresent a signiflcant improvement
releases for water sales and transfers has resultedover existing required stream releases but are not
in schedules that significantly benefit anadromousoptimumflows, particularly in drier water years.
fish. The U.S. Fish and Wildlife Service (USFWS
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1995) recommended similar flows to doublejuvenile salmon and other aquatic organisms.
anadromous fish production in the basin. Although losses at these diversions are unknown,

"the diversions are considered a serious threat to
.Water temperature in the Stanislaus River isthese populations.
influenced by ambient air temperatures, late
summer storage levels and thermoclineGoodwin Dam, located approximately 15 miles
development at New Melones Reservoir, thedownstream of New Melones" Dam, is the
depth ofdiversious ~omNew Melones Reservoir, upstream barrier for salmon migration. Salmon
and Tulloch Reservoir temperatures andspawn in the 23-mile reach downstream of
operations. Goodwin Dam (California Department ofFish and

Game 1993) and rear in the entire lower river.
Fall flow releases to the lower Stanislaus RiverHistorically, the river supported steelhead and
sometimes exceed critical temperatures forspring-.and fall-run chinook salmon. The river
salmon spawning and egg incubation whennow supports fall-run chinook and perhaps late-
storage levels at New Melones Reservoir are low.fall-run chinook and steelhead.
Ele~ated water temperatures are a problem in
critically dry water years, a problem exacerbatedThe presence of a distinct anadromous run of
by low reservoir storage and the presence-of thesteelhead on the lower Stanislaus River has not
Old Melohes Dam in the reservoir which restrictsbeen confirmed but is suspected. Large rainbow
access to the remaining cold water pool: Duringtrout are present in the fiver, and every year a
the 1987 through 1992 drought, the first fishsmall number ofjuvenile rainbow trout are caught
entering the fiver to spawn did not arrive untilin rotary screw traps at the mouth of the river.
early November, rather than in October, becauseThese fish show signs of smelting and appear to
of low water and-- high water temperatures, be migrating out of the system. A small number of
Elevated water temperatures were the major causesteelhead smelts are also caught each year in the
of the delay. With such a delay in spawning,juvenile trawl surveys at Mossdale, which index
juvenile fish are not ready to emigrate until laterthe number of juveniles outmigrating from the
in spring when high water temperatures againSan ~Ioaquin River basin. It is unknown whether
occur in the river and. in the maiustem Santhese fish are remnants of a native steelhead
Joaquin giver, population or whether they are resident rainbow

trout or strays from another basin. Genetic studies
Dehyed spawning also reduces survival of eggs in are underway te determine the origin ofthese fish.
gravel, the number of fry rearing in the fiver, and
the number of young salmon traveling to and
through the Delta to San Francisco Bay and the ,.
Pacific Ocean. Egg mortality has been shown to ’~4,0oo )
increase when temperatures exceed 56°F. When ~2,ooo
storage levels at New Melones are low, water
temperature exceeds 56°F in much of the salmon ~o,ooo
spawning reach until ambient air temperatures
cool the river during November. Water
temperatures above 65 °F are stressful to juvenile s,000

salmon. 4,000

Forty-four small pump diversions have been
identified on the lower Stanislaus River, none of °~gss 19;’o l~;’s ~80 ~as ~9~o ~s~s
which are adequately screened to prevent ,..
entrainment (can34ng into the diversion) of Stanisla~sRiwrFail-RanChinookSatmonAbundan¢~,

1965-1995

’ Volume 11: Ecosystem Restoration Program P~m
~ ~ Fast &an Joaquin Basin ~.cologigal Zone Vision

C--007022
(3-007022



As in other tributaries in the basin, fall-runThe remnant population of riparian brush rabbit is
chinook spawning escapements (fish that surviverestricted to. 198 acres of native riparian forest
migration and spawn) in the lower Stanislaus’along the Stanislaus River in Caswell Memorial
River have varied considerably since surveysState Park. A population census following the
were initiated in 1939. In recent years, spawningJanuary 1997 flood indicate that this species is

low levels.,In close to extinction.escapementshavedeclinedto very

the falls of 1991 and 1992, fewer than 300 salmon
returned to spawn in the lower Stanislaus,TUOLUMNE RIVER ECOLOGICAL UNIT
compared to a recent historic high of 35,000 fish
in 1953. Peak runs in the past 30 years haveThe Tuolunme River is the largest tributary in the
generally followed a series of high rainfall years.San Joaquin River basin, with an average annual
Poor runs occur during and following droughts, runoff of 1.95 million af and a drainage area of
Physical habitat for salmon spawning and rearingapproximately 1,900 ~quare miles, including the
on the lower Stanislaus River has been lost ornorthern half of Yosemite National Park
degraded because of low instream flow releases.(Figure 18). Hetch-Hetchy Reservoir (located in
A variety of factors, including low flows, have Yosemite) was constructed by the City and
cumulatively resulted in degradation of spawningCounty of San Francisco in 1923 for drinking
gravel, loss of side channels and channelwater supply, with a capacity of approximately
diversity, and reduced spawning gravel360,000 at’. Cherry Lake (capacity 260,000 at’)
recruitment to the active stream channel. Siltationwas completed in 1953 to increase the aqueduct
of spawning gravel is primarily caused, byyield to the maximum of approximately 300 cfs
watershed disturbance. Existing flue sediments in(220,000 af per year) currently exported in the
the lower system may be a result of the intensiveHetch-Hetchy aqueduct to San Francisco. The
hydraulic mining that occurred in the mid-lg00s,Modesto and Turlock Irrigation Districts jointly
particularly near the town of Columbia. Thisregulate the flow to the lower river from New Don
problem can best be corrected by minimizing
erosion in the watershed and by routinely adding
clean the active channel. The loss of side U nim p aired M o nth ly Average F lowgravel
channels and channe! diversity was probably
caused by road consl~ction, instream gravel sooo
mining, armoring of streambanks by landowners,
and by the current practice of removing woody sooo

debris from tha active channel to protect rafters. ~4ooo
Up .s~-eam dams and the practice of in-channel ~s000
gravel mining has removed spawning gravel~ .8 2000
altered the migration corridor, and created salmon
predator habitat.

1ooo
0

Habitat improvement opportunities for chinook
j F M A M J J A S o .N ~

salmon in the San Joaquin basin, including the [] NonnaV~’.ar [] Da/Y.ar
lower Stanislaus River; have been assessedTuolunm= Pdv~ Ua~npa~d Sm~nn~ow at Don P~k~ Re~rvo~,
through a DFG-funded study..Projects identified ~9~-t~yz {v~ y~ is th= 20~h V-’~=~= ~,
include gravel renovation projects, channel aormaly~aristhcS0thormeatianlm~cntiley~ar.)
modifications to create new spawning riffles~
channel modifications to isolate existingPedro Reservoir, with a gross storage capacity of
excavated areas from the active river channelto2.03 million af. The reservoir, completed in 1970,
reduce predation and improve the migrationprovides power, irrigation, and flood control
corridor, and riparian vegetation restoration, p~otection. LaGrange Dam, located downstream
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from Hew Don Pedro Dam, diverts appmximately
900,000 af per year for power, irrigation, and Historical Monthly Average Flow
domestic purposes.

Streamflow in the Tuolumne River is typical of zoo

southern Sierra streams originating from the high ¯
mountains. Monthly unimpaired flows at New
Don Pedro Dam average approximately 2,500 cfs,

140o
" "

with peak runoff as snowmelt from April through s0o
July. Rainfall can cause substantial runoff from
November through March. In highest rainfall 10o

years, average monthly infIows range from l0,000- ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ l
to 18,000 cfs from February through July, 5,000 J F
tO 9,000 cfs from November through January, and
1,500 to 3,500 cfs from August through October. [~ Norma~ Year [] pro Year

In driest years, April and May average monthly Tuolumne River St~unflow at LaGrang¢, 1972-1992

inflows peak at only 1,500 cfs, with August (Dry year is the 20th perce~tiie year, normal year is

through October flows of only 15-30 cfs.
t~e 50th percentile or median year.)

The average historical flow at La Grange near the Low flows can lead to poor water quality, which
river mouth is approximately 880 cfs, with most can delay spawning, decrease egg survival, and
of this flow occurring dth-ing winter periods when cause high juvenile mortality during the spring
storms cause reservoir flood control releases in all emigration period. Results of the stream
but low rainfall years. In highest rainfall years, temperature modeling study on the lower
monthly average flows peak in April and May at Tuolumne River indicate tha~ in recent years,
8,000 to 10,000 cfs, with summer and fall flows temperature limits for salmon spawning were
of 900 to 4,000 cfs. Summer flows range from commonly exceeded in a portion of the spawning
less than 10 cfs to 50 cfs in all but wet years, reach in October. This contributed to delayed
Irrigation retumflowsalongthe lower Tuolumne upstream migration and spawning. In recent
increase summer flows nearModesto to drought years, the first fish have returned to
approximately 100 cfs. Flows in dry and normal spawn in the lower Tuolumne River in early
years generally peak in Janusry to March at 150 to November, rather than in October as in previous
600 cfs and are minimum in June to September at years, because high water temperatures blocked
10 to 50 cfs. their upstream migration. As with the other San

Joaquin basin tributaries, high water temperatures
Streamflow strongly influences chinook salmon on the lower Tuolumne River during the spring
production in the Tuolumne River. Flow emigration, period may be a significant factor
requirements for the lower Tuolumne River are affecting smolt survival. Results of the stream
specified in the New Don Pedro Proceeding temperalxu~ modeling study indicate that in May,
Settlement Agreement (February 1996) and the and at times in late April, smolts emigrating from
.Federal Energy Regulatory Commission (FERC) the Tuolumns River encounter stressful or lethal
Order Amending License for theNew Don Pedro water temperatures. Temperature was a
Project (July 1996). USFWS (1995) consideration in formulating the FERC and AFRP
recommended an alternative flow schedule to revised flow schedules. However, these new
achieve the goals of the Anadromous Fish schedules will not ease temperature problems
Restoration Program Anadromous .Fish under all ambient conditions, especially in the
Restoration Program (AFRP). lower portion of the fiver during low flows.
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LaGrange Dam is the upstream barrier to salmongoose, greater sandhill crone, western yellow-
migration. Salmon spawn in the 25-mile reach,billed cuckoo, waterfowl, shorebirds, and
between LaGrange Dam and the town ofneotropical migrant birds.
Waterford and rear in the entire lower river.

i Historically, the river supported spring- and fall-Chinook salmon smelt survival studies completed
run chinook salmon and steelhead trout. The riverthus far on the lower Tuolumne Pdver indicate
now supports fall-run_ chinook salmon and’that adequate spring flows improve smelt

i perhaps late-fall-run chinook salmon andsurvival. Smelt appears to be the critical
steelhead. As with the Stanislaus River, thebottleneck in the life cycle, because smelt

" presence of distinct anadromous rims of late-fall-production determines adult run size. Unnaturally
run chinook salmon and steelhead is nothigh summer flows in the salmon spawning and

I corff’trrned, rearing areas below the damsfrom storage
releases for irrigation sustain large populations of

As in the other basin tributaries, fall-run spawningpredatory fish. These predators are then present i~ "
escapements in the lower Tuolumne River haveother months and can cause significant young

- varied substantially. Population fluctuations aresalmon losses.
the result of extreme variations in environmental

/ conditions in the river, Bay-Delta, and ocean.Salmon spawning and rearing habitat has been¯
Since surveys were initiated, the Tuohmme River,degraded because of low instream flow releases,
on average, has supported the highest spawningwhich resulted in siltation of spawning gravel, and

I escapements (fish that survive migration andlack of spawning gravel recruitment. In major
spawn) among the San Joaquin basin tributaries,portions of the spawning reach and below,
During the 1987 through 1992 drought, chinookriparian vegetation has been removed because of
salmon spawning runs in the lower Tuolumne agricultural development, cattle grazing, urban

development, and gravel mining.

. so,ooo Gravel mining in the active stream channel has
removed gravel from long stretches of the

40,000 spawning reach. In roughly half of the spawning
reach, extensive mining has left long, deep pools

3o,ooo " ............... and a widened channel. These pools provide
habitat for salmon predators, such as largemouth

20,000 ............ ~ and smallmouth bass, and contribute to warming
the river.

10,000 ...........

Thirty-six small irrigation pump diversions have

I
"              °~988 19Z0’1~’S198o       been identified the lower Tuolurane River,

1985 1990 1995 on
none are screened. Juvenile salmon losses at these

Tuolunm¢ River Fall.Run Chinook Salmon Abundance sites are unknown, but cumulatively, they may

i
cause a measurable loss ofyotmg salmon.

River declined drastically. In the falls of 1991 and
1992, fewer than 300 adults returned to spawn, asIllegal harvest of upstream migrating chinook

I"
compared to a recent peak of 40,000 in 1985 andsalmon has been identified as a factor limiting
an earlier estimate ell30,000 in 1944. production in the basin. With many miles of
The San Joaquin NWR (780 acres) is located atmigratory habitat that are often under tow-flow

i the oonfluenee of the San Joaquin and Tuolumneconditions, salmon are particularly vulnerable to
rivers. This refuge provide important riparian andpoaching.
seasonal wetland habitats for Aleutian Canada
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MERCED RIVER ECOLOGICAL UNIT Merced River unimpaired inflows to its watershed
¯ are typical of southern Sierra streams with

The Merced River is the southernmost stream~ headwaters in the high mountains. Monthly |
used by chinook salmon in the San Joaquin Riverunimpaired flows at Lake McClure average
basin and in California (Figure 18). The riverapproximately 1,325 cfs, with peak runoff as
flows westward into the valley, drainingsnowmelt from April through June. Rainfall can
approximately 1,275 square miles in the Sierracause substantial rtmofffrom December through
Nevada mountains and foothills, including theMarch. Unimpaired flows in late summer and
southern half of Yosemite National Park The- early fall are generally less than 100 efs in all but |average unimpaired runoff in the basin iswet years. In highest rainfall years, average
approximately 1.02 million af, similar to themonthly inflows range from 6,000 cfs to 12,000
Smnislaus River drainage, efs from February through July. In driest years, I

flows are less than 20 efs from August through 41
Agrieultmal development began in.the 1850s, andDecember, whereas April through June flows
significant changes have been made to theaverage 300 to 600 cfs. In dry and normal years, l
hydrologic (water circulation) system since thatspring inflows average 800 to 1,700 cfs and 2,000
time. The enlarged New Exchequer Dam, formingto 3,000 cfs, respectively, whereas August
Lake McClure with a gross storage capacity oftla~-..o~,qgh O~ober flows rangefrom 30 to 100 cfs. i
1,024,000 af, was constructed in 1967 and now
regulates releases to the lower Merced River. TheMonthly historic flow data near the mouth of the
dam is operated by Mereed Irrigation District Merced River at Stevinson indicate that the wa~er
(MID) for power production, irrigation, and flood storage and delivery systems are extremely
control. The river is also regulated by MeSwainefficient on the Mereed River. The historical
Dam (an afterbay for New Exchequer Dam) andaverage flow is approximately 650 cfs (50% of
Mereed Falls and Crocker-Huffman diversion unimpaired), with most of this flow occurring

Unimpaired Monthly Average Flow I Historical Monthly Average

3000 - I
2500 -

;15oo-
o
E 1000-

500 - 1
O’

J FMAM J J A S O N D J F M A M J d A S O,N D

I
[] NormalYear ~" DryYear D NormalYear [] DryYear

Unimpaked Mereed River St~mflow at Lake MeClure, 1972- Mere~d River Str~nflow at Sr~vinsort, 1972-1992 03~y year is 1
1992 (Dry year is the 20th pere~til¢ year;, normal year is the 50th the 20th pereeatile ye~;, normal year i~ the 50th percale or ¯

pe~eeatil¢ or median year.) median year.)

dams located downstream. Approximatelyduring winter rainfall periods or in fall during i
500,000 af of water is diverted each year atreservoir flood control releases. Summer flows
Merced Falls and Crocker-Huffman Dams. are less than 50 cfs in driest years. In highest
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rainfall years, flows in February through Juneresulting from these pits create excellent salmon
average 4,000 to 5,5.00 efs, whereas flows in.. predator habitat, disrupt salmon migration, trap
August and September average 1,000 to 2,000 cfs.juvenile salmon when water recedes, and raise
In dry and normal years November to April flows stream temperatures.
range from 150 to 450 cfs, while July to
September flows range from 30 to 200 efs. Juvenile salmon are lost in water diverted at the

six .medium-sized irrigation diversions in the
In addition to streamflow, available naturalsalmon spawning portion of the Merced River.
spawning habitat also limits salmon production inThe Davis-Grunsky contract between the
.the Merced River. Physical habitat for salmonCalifornia Department of Water Resources
spawning and rearing has been lost or degraded(DWR) and MID requires the district to install

and maintain fish screening devices at thesebecause of channel changes caused by many years
of low-flow releases. These changes includediversions. Reek screens, consisting of perforated
siltation of spawning gravel; lack of spawningconduit buffed in cobble-filled gabions, have been
gravel recruitment below the reservoirs; removalinstalled at four of the diversions. These structures
of bankside riparian vegetation, reducing streamare only moderately effective at preventing
shading andbankstability;and in-ehaanelmining,juvenile salmon loss in diverted water. The
which has removed spawning gravel, altered thescreens quickly become clogged with vegetation,
migration corridor, and created excellent salmonand the bypass gates, which allow diversion
predator habitat, without water p~ssing through the screens, are

often opened when the screens become clogged.
Spawning and rearing habitat in the Merced River
is the most degraded among the San Joaquin basinDFG surveys on the lower Mereed River have
tributaries. Legally required summer flow releasesidentified 68 small pump irrigation diversions;
are low (15 to. 25 cfs) and are usually depletednone is adequately screened to prevent
before they reach the fiver mouth because ofentrainment of juvenile salmon. Cmnulative
small water diversions throughout the lower river,losses at these sites are unknown.
In portions of the spawning reach and below,
riparian (waterside) vegetation has been removedFlow releases are not sufficient to accommodate
for agricultural development, cattle grazing, urbansalmon migration, spawning, egg incubation,
development, and gravel mining~ juvenile rearing, and smelt emigration on the

Merced River. Flows in the spawning reach
Gold dredging in the early 1900s removedduring the spawning and early rearing period are
significant quantities of spawning gravel from thefurther depleted by water diversions. Spring flows
Merced River. Large tailing piles remain alongfor smelt emigration are particularly inadequate.
the spawning re~ch, and there is a lack of
recruilment of new spawning gravel due to theStreamflow for fishery purposes in the lower
dams, gravel mining, bank protection, and leveeMerced River is mandated in FERC License
construction. In many riffles, significant armoring.No. 2179 for the New Exchequer Project, issued
has also occurred, with only large cobblesin April 1964, and Davis-Grtmsky Contract
remaining. In-channel gravel mining wasNo. D-GG417 (DWR Contract No. 160282)
extensive along the Mereed River. Downstreambetween DWR and MID, executed in October
from the State Route 59 bridge, the river flows1967. The Davis-Grtmsky contract requires MID
through large mined-out pits in the channel. Someto maintain a continuous flow of between 180 cfs
pit areas have been isolated from the activeand 220 efs from November 1 through April 1
channel by levees; however, most of these leveesthroughout the reach from Croeker=Huftinan Dam
were poorly designed and have been breachedto Shaffer Bridge.
during flood flows. The ponds and small lakes
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Adequate releases for upstream attraction ofIn late April and May, stream temperature often
adults and spawning begin on November 1, but~ exceeds stressful levels for emigrating smelts.
upstream migration typically begins in October.Elevated spring temperatures are a more signif-
The present spawning and rearing flowicant problem in the lower Memed River than in
requirements were not established by scientificthe other San Joaquin tributaries because of higher
studies and are too low to meet spawning andambient a~rtempemtures and lower flows.
rearing needs. In addition, six major riparian
diversions in the spawning reach from Crocker-Crocker-Huffman Dam, near the town of Snelling,
Huffman Dam to below Shelling deplete theseis the upstream barrier for salmon migration.
flows. At times, significant portions of theSalmon spawn in the 24-mile reach between
spawning reach receive flows less than the legallyCroeker-Huffrnan Dam and the Town of Cressey,
required amounts. Required st~eamflows areRearing habitat extends downstream of the
measured at the Shaffer Bridge gage, which isdesignated spawning reach to the mouth.
downstream from several irrigation returns.

Historically, the river supported spring- and fall-
a’he most significant deficiencies in the presentrun chinook salmon and perhaps steelhead. The
flow requirements occur in the spring emigrationriver now supports fall-run chinook salmon and
period. April and May flows required in the FERC perhaps steelhead and late-fall-run chinook
license are 75 cfs in a normal year and 60 cfs in asalmon.
dry year. Smelt survival studies conducted in the
other tributary streams in the San JoaquinAs wi~h the Stanislaus and Tuolumne Rivers, the
drainage indicate that significantly higher springnumber of late-fall-run chinook salmon and
flows are needed in the lower Merced River. steelhead in the Merced River is unknown. Each

a few large rainbow trout enter the Mercedyear,
A revised flow schedule for the lower MercedRiver Hatchery (~fl~H). It is unknown whether
River was formulated by DFG (1993) based onthese fish are stream residents or anadromous or
instream flow study and smelt survival data fromwhether they are strays from another basin.
similar drainages. DFG concluded that, althoughGenetic tests are planned to determine the origin
the recommended flows are a significantofthesefish.
improvement over the presently required releases,
they are not optimal for salmon spawning, rearing,As with other tributaries in the basin, fall-run
or emigration, particularly in drier years. USFWSchinook salmon spawning escapements in the
(1995) recommended flows thatwould contributelower Merced River have varied significantly
to its Central Valley Project Improvement Act since surveys were initiated. Construction and
(CVPIA) goal of doubling anadromous fish
production in the basin. ’

Poor water quality delays spawning, decreases
egg survival, and causes high juvenile mortality.2o,000 "11 .........

Strum temperature on the river often exceeds
temperature tolerances for salmon spawning and 1 $,ooo ......................................

egg incubation in October and early November in

]i:at least a portion of the spawning reach. High
to,ooo . ~ ~ ~ ~ ~ ~i ~

water temperature delays upstream migration and s,000
spawning. In recent drought years, salmon have
not spawned in the river until after the first week o
of November, when water temperature has lS6S 1~70 19rS ~950 t~aS 1950

dropped to tolerable levels.
M~rced P, iver Fall-Run Chinook Salmon Abundant, 196fi-1995
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operation of MRH, in combination with increases seasonally flooded marsh and 600 acres of corn,
in instream flows related to the 1967 Davis-: alfalfa, irrigated pasture, and winter habitat. The
Grunsky Contract, have increased the Mercedmarshes are flooded from October through April
River salmon run. Before ~ 1970, spawning and attract thousands of migrating and wintering
escapements were generally less than 500 fishbirds, especially ducks, geese, cranes, and
annually; since that time, annual runs haveshorebirds. The agricultural land provides forage
averaged 5,800 fish. During the 1987 throughfor lesser sandhill cranes and four species of
1992 droughts, spawning, escapements in thegeese.
lower Mereed River declined to seriously low
levels. In fall 1991, fewer than 100 fish returnedPreliminary surveys on the Merced River indicate
to spawn, compared to a recent high of 23,000 that the major needs for salmon habitat improve-
fish in 1985. low returns to MRH in ment include riffle construct-Extremely rehabilitating areas,

recent years have severely limited the hatebery’sing or repairing levees and channels to isolate
ability to sustain San Joaquin basin salmonmining pit areas from the active stream eharmel,
through droughts, and modifying diversion structures. The existing

- abandoned gravel pits also serve as predator
MRH, located below Croeker-Huffman Dam, is habitat and trap sediments transported from
presently the only salmon hatchery in the Sanupstream areas.
Joaquin River drainage south of the Delta.
Operated by the DFG, MRH was constructed in Illegal harvest of upstream-migrating adult
1970 and operated for 10 years with funding salmon has also been identified as a factor
provided in the Davis-Grunsky Agreement. The limiting salmon production in the Merced River.
hatchery has been valuable in augmenting andLow water flows during the fall salmon migration
sustaining salmon ~ in the lower Merced Rivermake salmon easy prey for poachers.
and in the Stanislaus and Tuolumne Rivers and
providing fish for study purposes throughout the VISION FOR THE ECOLOGICAL
San Joaquin basin. The facility was recently
modernized using funding from the Salmon ZON~
Stamp Program and .the DWR Four Pumps
Agreement. The vision for the East San Joaquin Basin

EeologiealZone includes improved streamflow,
2,999 ~ greater sediment supplies, lower spring through

I fall stream temperatures, improved upper
~,soo [ watershed health, improved foodweb productivity,

!
and improved habitat, including riparian,

................................ wetland, and seasonally flooded aquatic habitats.
1,0o0 .~ ..... In addition¢,actions to reduce stressors, such as

~ screening unscreened diversions, reducing the
s00 .......... effects of gravel mining, reducing wild salmon~

and steelhead harvest, and limiting the adverse

o effects of introducing hatchery fish, will help
1959 1070 19~’S 1980 19119 1990 1995 r~store salmon and steelhead populations in zone

Mcr~d Riwr Hamh~ry Fall-Ram Chinook Salmon ~
dvers.

1965-I995
The vision focuses on restoring important fish,

Mereed NWR is located in the southern portion of wildlife, and plan communities and their habitats
this ecological zone. The refuge encompassesby restoring ecological processes and reducing
2,561 acres and provides about 700 acres ofstressors. Primary focus will be on restoring or
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reactivating the ecological processes that createidemity of endemic (native to a particular
and maintain habitats for anadromous salmonids, locality), naturally spawning stocks of chinook 1
and riparian vegetation.-In each of the zone rivers,salmon and steelbead trout. Hatchery-produced 1
foens will be on restoring and protecting a self-fish will be used to support sustainable ocean
sustaining stream meander corridor and anrecreational and commercial fisheries and directed ll
associated diverse riparian eornmunity thatfisheries in the rivers. Marking techniques will
provides shade, nutrients, and, woody debris to theenable sport and commercial anglers, to
rivers, as well as habitat for plants and wildlifedistinguish between hatchery-produced and 1
communities. Because dams on each of the dyersnaturally produc::.5 fish to minimize wild fish
interrupt the natural sediment supply on whichharvest.
natural stream meander depends, it will be ll
necessary to artifici~ly sustain some naturalThe F_,eos~stem Restoration Program Plan (ERPP) 1
sediment supply, including silt, sand; and gravel,envisions that the fish, wildlife, and riparian needs

of the East San Joaquin Basin Ecological Zone
In addition to restoring a natural str¢~-, eharmelwill be met and acceptable ecosystem health will ¯
process, it will also be necessary to restore naturalbe achieved when the following visions have been
floodplain processes needed to enhance foodwebsatisfactorily attained.
productivity. These processes provide habitat for
juvenile salmon and steelhead and spawningVISIONS FOR ECOLOGICALUNITS
habitat for splittail and other native resident (non-
migratory) ’ fish, and habitat for migratory STANISLAUS RIVER ECOLOGICAL UNIT
waterfowl and shorebirds. Natural floodplain
processes occur in areas that receive seasonalThe vision for the Stanislaus River Ecological
flooding overflows adjacent to the stre~xa channel,Unit is to improve natural fall-ran chinook salmon 1
such a~ riparian forests, oxbows, z2 ~ seasonaland steelbead populations by’improving spring
wetlands. These habitats depend ~:~z seasonalflows below New Melones Dam in dry and
flooding, and the rivers and Delta depend onnormal water years, summer through winter base

1floodplain recruitment. Gravel is needed toflows, and spawning and rearing habitat.
maintain stream channel configuration (structure)
and spawning habitat for salmon and steelhead.The vision for the Stanislans River Ecological il
Throughout the basin, restoring and/or protectingUnit includes improving streamflow, gravel
a self-sustaining, diverse riparian community willrecruitment, stream channel and riparian habitat.
be emphasized to maintain nutrient and woodyand screening diversions to increase the surviv~ 1
debris input to the aquatic system, enhance bankof chinook salmon, steelhead, and native resident 1stability and stream sha~hag, and provide valuablefish and wildlife. Managing flow releases to
habitat for a variety 6f species. provide suitable habitat and water temperatures

for key resources is critical to ecosystem
In the lower Stanislaus, Tuohmme, and Mereedrestoration. Llso important will be restoring:.
Rivers, emphasis will be on restoring fall=runnatural charmel configurations and gravel 1
chinook salmon and steelhead populations,recruitment, transport, and cleansing p.roeesses. |Because spawning and rearing habitats areImproved land use and livestock grazing practices
degraded~ and poor streamflows and stressorswill contribute to improved riparian habitat. 1
have depressed the populations, it may beReducing non-native fish populations,
necessary to continue or expand hatchery rearingentrainment of aquatic resources at water
of salmon and steeihead; at least in the short term,diversions, contaminant input, and illegal harvest
to maintain sufficient production in the~e rivers towill further benefit salmon and steelhead. 1
support sport and commercial fisheries. ~iowever,Restoring a diverse, self-sustaining riparian
hatcheries will be operated to preserve the geneticcorridor linked with upstream and downstream

1
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areas will be critical in restoring ecosystemnatural gravel sources, reducing erosional areas
function, that degrade spawning habitat, and promoting the

: conservation of the lower river active floodplain.
Restoring fail-run chinook salmon in theIslands will be protected and restored where

i Stanislaus River could have significant benefits topossible. Side channels will be restored, and

. . sport and commercial fisheries. Historically,riparian vegetation and SPA habitat and woody
spawning escapements of fall-run chinook in thedebris will be developed to erthanee juvenile

i Stanislaus River have numbered up to 7% of thesalmon and steelbead habitat. Planting vegetation
total fall-run salmon escapement in the Central¯ .or regrading the disturbed channel and floodplain
Valley. The restoration program has the potentialmay be required in certain areas to hasten and
to return populations to recent historic levels,sustain recovery.
which could coastal andimprove sport

’ commercial fisheries. Slressors, including unscreened or poorly
: screened diversions and illegal and legal harvest,

The vision for the Stanislaus River includeswill be evaluated to determine whether actions are
reactivating and maintaining important ecologicalnecessary to protect salmon and steelhead
processes that create and sustain habitats forpopulations.Measures being considered to reduce

i salmon and steelhead. Streamflow should beharvest of naturally spawning chinook salmon in
enhanced.below Goodwin Dam by providing basesport and commercial fisheries include
flows recommended by the AFRP and a spring’ establishing harvest restrictions and marking all .

I. flow event in late April or early May in normalhatchery-produced fish, which would allow a
and wet years. Higher, more natural spring flowselective harvest of hatchery fish. Enforcement
events will assist young salmon and steelhead onwould be increased to reduce poaching.
their downstream migration to the Bay-Delta and
ocean and also support natural stream channel and TUOLUMNE RIVER ECOLOGICAL UNIT
riparian habitat restoration. Pulse flows also

i benefit the river and Bay-Delta foodwebThe vision for the Tuolurane River Ecological
production. The added flows in the StanislausUnit includes restoring streamflow, gravel
River, in combination with similar flow eventsrecruitment, and stream channel and riparian

i , from the Tuolunme and Mereed Rivers, will assisthabitat to improve habitat for chinook salmon,

..
young salmon from all three rivers on theirsteelhead, native resident fish, native amphibians
downstream journey through the lower Sanand reptiles, and wildlife. The vision also includes
Joaquin River, Delta, and Bay to the ocean. Anrestoring important ecological processes that will
improved stream meander, corridor and associatedimprove habitat for fall-run chinook salmon, late-
SRA habitat, in combination with improvedfall-run chinook salmon, steelhead, riparian
gravel recruitment and water temperatures, willvegetation, and wildlife resources. Managing flow
provide tO provide suitable habitat and watermoresuitablehabitatfor salmonand releases
steelhead spawning and rearing, which shouldtemperatures for salmon will be essential for
lead to greater natural salmon and steelheadrestoring the ecosystem. Flow improvements in
production in the Stanislaus River. Improvementsthe revised and FERC license shouldagreement
in the upper watershed health from reduced forestbe implemented and monitored for effectiveness.
fuel levels and less risk of catastrophic wild fires,Streamflow management for the Tuolumne River
along with less erosion from improved roadwill need to be integrated with flow management
construction and maintenance, will help protecton the other San Joaquin tributaries and the lower
water supply and water quality. San Joaquin River to obtain the greatest benefits.

i Stream channel and riparian habitat will beAlso important will be restoring more natural
improved by increasing streamflow, protecting thechannel configurations; restoring gravel recruit-

,
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!merit, transport, and cleansing processes; andpossible. Side channels will be restored, and
restoring a balanced fine sediment budget. Thisriparian vegetation and SPA habitat and woody
will be accomplished by implementing improved’debris will be developed to enhance juvenile
land use and livestock grazing practices, reducingsalmon and steelhead habitat. Vegetation planting
non-native fish populations and habitats thator regrading of the disturbed channel and
support them, reducing young salmon losses atfloodplain may be required in certain areas to 1
water diversions, reducing the input ofhasten and sustain recovery.
contaminants, and reducing the illegal salmon
harvest. Restoring a divers.e, self-sustaining~Stressors will be addressed. A .cooperative 1
riparian and stream channel corridor linked withevaluation of unscreened and inadequately
upstream and downstream areas will be anscreened diversionswill determine the feasibility
essential element in the ecosystem restorationof installing positive-barrier fish screens.
plan. Measures being considered to reduce naturally l¯

spawning chinook salmon harvest in sport and
Restoring fall-run chinook salmon in the lowercommercial fisheries include establishing harvest
Tuotumne River could have significant benefits,restrictions and marking all hatchery-produced
Historically, spawning escapements in the riverfish, which would allow a selective harvest of
have numbered up to 12% of the total fall-runhatchery.fish. A selective fishery on hatchery- ¯
salmon escapement in the Central Valley.produced fish will reduce harvest of naturally
Implementing the restoration program has theproduced Tuolumne chinook salmon.
potential to restore the population to recentEnforcement would be increased to reduce
historic levels, which will also benefit sport andpoaching.
commercial fisheries along the coast of
California. "- If future baseline chinook salmon populations do 1

not respond favorably to improved flow and
Streamflows should be enhanced below Donhabitat conditions in the Tuolumne River, San
Pedro Dam by providing base flowsJoaquin River, and the Delta, a comprehensive
recommended by DFG. In addition to the DFG evaluation will be made of the need for additional
reconmaendation, a spring flow event in late Aprilartificial propagation of chinook salmon in the
or early May in dry, normal, and wet years would basin. This evaluation would consider direct and
be provided to support downstream emigration of indirect effects on the wild population, the role of
juvenile salmon and steelhead and to benefithatchery fish in maintaining naturally spawning
stream channel and riparian habitat, and hatchery derived salmon, disease transmission

between hatchery and natural stocks, genetic ¯
Existhg gravel recruitment sources will bestructure and diversity of all stocks in the basin,
protected and supplemented where and whenand the likelihood of maintaining existing genetic
necessary with gravel introductions. Adiversity of the Tuolumne stock. Efforts relating l
cooperative programamong the local counties,to artificial propagation of salmon and steelhead
agencies, arid the aggregate resource induslry willwill be the subject of monitoring, focused
be developed to improve or relocate gravel miningresearch, and adaptive management.
from the active stream channel.

M~RC~D RrV~R ECOLOGICAL U~rr
Stream channel and riparian habitat will be 1
improved by increasing streamflow, protectingThe vision for the Merced River Ecological Unit
natural gravel sources, reducing erosional areasincludes restoring sareamflow, gravel recruitment,
that degradespawninghabitat, and promotingtheand stream channel and riparian habitat to 1
conservation of the lower river active floodplain, improve habitat for fall-run chinook salmon, late-
Islands will be protected and restored where fall-run chinook salmon, steelhead, riparian

Volume lI: F_~osystem Restoration Program Plum 1
-~ I~..I)~, " East San Joaquin Basin E~ological Zone V~ion

~. m¢~
41 0

~: ~,~h 1998
1
1

C--007032
(3-007032



vegetation, and wildlife resources. The vision alsoflow would emulate a natural pulse flow that
includes restoring the important ecologicalwould normally occur if flows were unimpaired.
functions and processes that will improve habitatA spring flow event will support juvenile salmon
for fall-run chinook salmon, late,fall-run chinookand steelhead emigrating to the Delta, Bay, and
salmon, steelbead, native amphibians and reptiles, ocean. It would also support natural stream
riparian vegetation, and wildlife resources,channel and riparian habitat development.
Managing flow releases to provide suitable habitat
and water temperatures for these resources will beExisting gravel sources will be protected and the
essential to restoring the ecosystem. Streamflownatural gravel supply supplemented where and
management for the Merced River will need to bewhen necessary. A cooperative effort among local
integrated with flow management on the other Sancounties, agencies, and the aggregate resource

tributaries and the lov~er San will be evaluateJoaquin Joaquin encouraged relocating
River to obtain the greatest possible benefits,gravel mining to areas outside of the active stream
because the salmon and steelhead must also passchannel.
through the lower San loaquin River and Bay-
Delta on their way to and from the Pacific Ocean.Stream channel and riparian habitat will be

improved by increasing streamflow, protecting the
Also important will be: natural gravel sources, reducing erosional areas

that degrade spawning habitat, and promoting the
[] restoring    more    natural    channelconservation of the lower river active floodplain.

configurations; restoring gravel recruitment,Islands will be protected and restored where
transport, and cleansing processes, poss_ible. Side channels will be restored, and

[] restoring a balanced free sediment budget byriparian vegetation and SRA habitat and woody
implementing improved land useand debris will be developed to enhance juvenile
livestock ~razing practices, salmon and steelhead habitat. Vegetation planting

[] reducing non-native fish habitat, " or regrading of the disturbed channel and
¯ [] reducing the loss of young salmon at waterfloodplain may be.required in certain areas to

diversions, hasten and sustain re.very. Large mined-out
[] reducing the input.of contaminants, gravel pits in the stream channel will be isolated
[] reducing the number of adult fish strayingor restored to natural conditions.

into areas with no suitable spawning habitat,
[] and reducing illegal salmon harvesL The effects of, stressors, including artificial

propagation of salmon and steelhead, water
Restoring a diverse, ~ self-sustaining ripariandiversions, and illegal and legal harvest,-will be
corridor linked with upstream and downstreamassessed and reduced, if necessary. Stocking fall
areas will be critical to restoring ecological healthchinook salmon reared in the MRH requires
to the Merced River watershed. MID plays an careful consideration of the effects to naturally
important role in restoration effo~s on the lowerspawning, stocks, not only in the Mereed River,"
Merced River. The district is working in but in adjacent Central Valleywate~heds. Choice
cooperation with resource agencies on researchof genetic types of adult salmon selected for the
and restoration projects for fall-run chinookhatchery will be carefully evaluated to minimize
salmon in the basin, potentially damaging effects on the genetic

integrity of wild populations in the Cenwal
Streamflow should be enhanced below LakeValley. A cooperative evaluation will be made of
McClure by providing minimum flows the need and feasibility of installing positive-
recommended by DFG. In addition to the DFG barrier fish screens on diversions. Measures being
recommendation, a spring flow event would be considered to reduce wild chinook salmon harvest
provided in dry, normal, and we~ years. The pulsein sport and commercial fisheries include
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establishing harvest restrictions and marking allspecies. The vision for slreamflows is to provide
hatchery-produced fish, which would allow aa short-term (10-day) flow event in spring that
selective harvest of hatchery fish. Enforcementtypically occurred at least once in dry and normal
would be increased to reduce poaching, years before dams and reservoirs were built. In

addition, base flows would be provided during the
Restoring and maintaining the Merced Riverremainder of the year to sustain habitats and
could be facilitated by developing andspecies.
implementing a comprehensive watershed
management plan to protect the channel (e.g., NATURAL SEDIMENT SUPPLY
maintain flood control capacity and reduce bank
erosion) and preserve and restore the rip.arianGravel recruitment into the rivers is important in
corridor. Upper watershed health could be providing a natural stream meander process,
improved by reducing fire fuels in forests andeharmel configuration, and stream substrate
implementing other watershed improvements to(bottom materials where plants and animals
protect streamflow, thereby protecting streamthrive), as well as essential spawning gravels for
channel and riparian habitat and minimizingsalmon and steelhead. A natural sediment supply
sediment input to the stream, is also important for restoring riparian and

wetland habitat. Sediment transport and gravel
VISIONS FOR ECOLOGICAL recruitment have been greatly reduced below.

PROCESSES
major.dams in zone rivers. Not only has sediment
from the upper watersheds been eliminated, but
sediment from the lower rivers has been

Important ecological processes and functL;~s ininterrupted by bank protection, levees, and gravel
the East San Joaquin Basin. Ecologic~ :~onemining. The vision is to supplement natural gravel
include the annual streamflow regime (p~.~ern),below major dams on the three rivers, where
sedk:zent supply, stream meander corridors,needed for salmon and steelhead spawning
natural stream channel configurations, andwaterhabitat, riparian habitat, and natural stream
temperature regime. These processes are inchannel and meander development. In addition,
various states of health in the zone. The greatestwhere bank protection, levees, and gravel mining
need is to restore the functions and processeshave hindered natural sediment supply to the
linked to streamfiow, river, wherever possible, local sediment supplies

will be made available to the river.
Cr.NT~AL VALLEY STREAMFLOWS

STREAM MEANDER
Streamflow shapes stream channels and riparian
vegetation; provide~ f’hsh habitat; keeps waterIn their floodplains, Central Valley rivers
temperature lower in rivers; attracts anadromousnaturally meander through floodplain sediments,
fish tO spawning streams; and transports youngprogressively eroding the next bank while ndding
anadromous fish to downstream nursery areas into the previous bank. This stream-meander
the San Joaquin River, Bay-Delta estuary, andprocess occurred in the stream corridors of the
ocean. Streamflow in each of these rivers isStanislaus, Tuolunme, and Mereed Rivers. A
impaired by upstream storage reservoirs andnatural stream-meander process in the lower
diversions, particularly in dry and normal rainfallfloodplain of the rivers would provide much
years. A healthy streamflow pattern in the riversneeded habitat to support healthy riparian
would emulate the natural runoff pattern, with asystems, wildlife, and aquatic species. Today, the
springflow eventand summer-fall-winterbase natural meander process ineach of the streams is
flows that maintain important ecologicalinhibited by dams, altered stream flows, bank
processes and functions, habitats, and importantprotection, bridge abutments, and flood control
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levees. In some places, bank erosion occurs, butchannel, and the mount of warm water discharge
lack of sediment stops forming of the previousinto the rivers from urban and agrieulturaI
banks. The vision is to restore a portion of thedrainage. Improving water temperatures in the
natural meander to the dyers by setting backthree rivers below the major reservoirs in this
levees, where possible, and removing structureszone can contribute to the overall ecological
that irdaibit the process from the meander corridor,health of the system and promote sustainable

fisheries. Steelhead particularly depend on cool
NATURAL FLOODPLAIN AND FLOOD summer water temperatures, because their young

PROCESSES remain in the rivers through summer before
migrating to the ocean. High fall water

The San Joaquin Valley formerly had manytemperatures in the lower rivers hinder upstream
natural overflow basins that retained floodwaters.,migrations of adult fall-run chinook salmon and
permitted sediment deposition, and provided fishsteelhead. The vision for water temperatures in
and waterfowl habitat. Partially reactivating thesethese~dvers is to provide sufficient summer and

functions will contribute early-fall base flows in the fiver channels andimportantecological to
-overall system health and provide for prolongedrestore the riparian corridors and natural stream
periods of natural streamflow and sediment input,channel characteristics that limit heating of the
.Natural overflow basins would also rivers. Storing sufficient ccolwater in thesupply
important habitat for fish, including chinookreservoirs during drought will also .help to
salmon and splittail, as well as foraging habitatmaintain a minimum of coolwater habitat in the
for many waterfowl. The vision is to restorerivers.
natural overflow basins within the lower
floodplains of the three rivers. This would provide UPPER WATERSHED PROCESSES

additional flood control protection for other area.,;
in this zone and downstream, as well as valuableIn the upper watersheds above the valley
natural wetland, riparian, and aquatic habitats forfloodplains, health of. the rivers depends on
fish and wildlife, healthy forests, grasslands, and riparian habitats.

Healthy watersheds store water and limit the
CENTRAL VALLEY STREAM amount of watershed soils washed into the rivers.

TEMPERATIYRES Healthy watersheds are important for maintaining
water supplies and water quality. Watershed

Salmon and steelhead depend on cool water forhealth has been impaired by overgrazing riparian
their survival. In the Stanislaus, Tuolunme, andcorridors and poor forest management practices.

Merced Rivers~ salmon and steelbead are confinedWatershed health is presently impaired by high
to the floodplainsl of the rivers below large,fire fuel loads, high soil erosion, wildfires, and
impassable dams. Maintaining cool water belowpoorly designed and maintained roads. The vision

the dams is essential to maintaining salmon andis to restore healthy watersheds and sustain health

steelhead in these rivers. Summer and early fallthrough state-of-the-art forest and range

water temperatures in floodplains of these riversmanagement. This will protect the supply and

are naturally warm, but are kept cool, at least iaquality importantof water thatis the lower
the upper reaches below the. dams, by coldwaterrivers and Bay-Delta.

releases from deeper bottom waters of the major
reservoirs. The extent of cool water habitat below -
the dams depends on the amount of cold water
released from the dams, the extent of shade
provided by riparian (waterside) vegetation,the
extent that dredger ponds are connected to the
rivers, the amount of water diverted from the river
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VISIONg FOR HABITATS provide alternative diversion methods and to

~ coordinate the annual removal of these dams to
RIPARIAN AND RIVERINE AQUATIC improve fish passage. Some adult chinook salmon

HABITATS tend to stray from their natal streams by
remaining in the mainstem San Joaquin River and

Riparian and shaded fivefine aquatic (SRA)attempting to migrate above the Merced River

habitats are important to the health of the rivers,mouth into agricultural return water. The vision is

They provide shade, insects and organic debristhat chinook salmon .spawning populations in the

that are important to the aquatic foodweb, and soilEast San Joaquin Basin Ecological Zone will be
increased by a seasonal weir that prevents fishand bank protection. The riparian corridors and
from migrating above the mouth of the Mercedrelated SRA habitat are impaired by lack of a
River.natural functioning stream meander process,

eortfmement of the river eharmels by bank
protection and levees, and loss of streamside t}REDATION AND COMPETITION

vegetation to animal grazing, levee construction,
Predation on juvenile chinook salmon byremoval of large woody debris from stream

channels and banks, and agricultural clearing. Thewarm. water_fish, such as largemouth and
vision is to improve and restore riparian and SRAsrnallmouth bass, in the lower reaches of streams

habitat along the three rivers, where possible andin the East San Joaquin Basin Ecological Zone is

as needed. Included in this vision is thea significant source of mortality. The vision is that
¯ predation will be reduced by a combination ofconsiderationof other riparian communities such

as Great Valley valley oak, Great Valley mixedactions to control predator populations and isolate

riparian, cottonwood-willow-sycamore, and predator habitat. These actions will contribute to
improved survival of native San Joaquin Basinelderberry savallna.
chinook salmon.

VISIONS FOR REDUCING OR
HARVEST OF FISH AND WILDLII~

ELIMINATE~GS  ESSORS
The legal and illegal anadromons fish harvest in

WATER DIVERSIONS the river, estuary, and ~ean limits recovery of
wild fall-run chinook salmon populations in the

Water diversions ~long the rivers divert not onlythree rivers. Reducing the harvest may be
water, but small fish. Many diversions arenecessary toallowrecoveryofwildpopulations.
screened to reduce young fish loss. ReducingThe vision is to continue to reduce the harvest of
losses to s~reened and ur~reened diversions willwild anadromous fish and focus legal harvest 0n
contribute to overall ecosystem health byhatchery stocks of salmon and steelhead.
promoting sustainable fisheries and higher
population levels. The vision is to s~reen those ARTIFICIAL PROPAGATION OF ~’ISH
diversions that have no screens or inadequate
s~reens where there is a l~tential to screen youngStocking hatchery-reared salmon in the Merc~l
fish in significant numbers. River supports important sport and commercial

fisheries and helps to compensate for the loss of
DAMS, RESERVOIRS, WEIRS, AND OTHER sah~on and steelhead caused by the constru~ion

STRUCTURES of large dams and reservoirs. Hatchery fish also
supplement the numbers of naturally svawning

Upstream fall-run chinook salmon passage issalmon and steelhead in the river. Hatchery
o~ten limited by the presence of seasonallysupplemen~ttion helps sustain fishable
const~cted diversion dams. The vision is topopulations through periods of ~r wild fish

~. ~
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production (e.g., droughts). However, hatchery STEELHEAD
salmon and steelhead may impede the recovery of
wild populations by competing with and preyingSteeihead will benefit from improved spring flow
on young of wild fish and reducing the geneticevents in dry and normal years. Spring flows will
integrity of the wild populations by breeding withprovide attraction for ’upstream migrating adults
wild fish~ The vision is and downstreamtoimprovinghatchery support migratingjuveniles.
adult fish selection, spawning, rearing, and releaseImproved summer, fall, and winter base flows will
practices to minimize potential conflicts with themaintain fall and winter upstream migrants and
naturally-spawning salmonand steelhead over-summering physical habitat and lower water
populations, temperatures. Steelhead will also benefit from

: improved gravel spawning habitat and stream

I LAND USE rearing habitat, especially if summer heating of
the river is reduced in the process. Screening

Historical land uses in the zone ineiude hydraulicunscreened and poorly screened diversions will
gold and gravel mining, agriculture, grazing, andimprove young steelbead production.
activities related to urban development. Land use
practices have contributed to the decline in GIANT GARTER SNAKE AND WESTERN

I riparian health; impaired gravel recruitment, POND TURTLE
cleansing, and Wansport capabilities; and reduced ¯

overall ecosystem health. The vision is to improveThe vision for the giant garter snake is to assist in

l and change land use to restore important streamits recovery in order to contribute to the overall
’ and floodplain processes and wetland, riparian,species .richness and diversity. Achieving this

and stream habitats, vision will reduce the oonfliet between protection

i for this species and other beneficial uses of land
SPECIES VISIONS and water in the Bay-Delta. Protecting existing

and restoring additional suitable wetland and

i CItlNOOKSALMON upland habitats will be critical to achieving
¯ recovery of the giant garter snake. The proposed

Fall-run chinook salmon will benefit fromrestoration of aquatic, wetland, and riparian

I improved flows. Enhanced spring flow events willhabitats in the East San Joaquin Ecological Zone

._ improve transport conditions for downstreamwill help in the recovery of these species by
migrating fall-run chinook. Fall and winter base-increasing habitat quality and area.

flow improvements will benefit upstream
migrating fall-run chinook salmon and survival.of SWAINSON’S HAWK
eggs and fry. Improvements in wetland, riparian,
and SPA habitats; stream channel and meander;,Improvements in riparian and agricultural wildlife
and gravel’.recruitment will also improvehabitats will aid in the reeovery ofthe Swainson’s
spawning and rearing habitat. Screeninghawk. Increased abundance and possibly some ¯
unscreened and poorly screened diversions willnesting would be expected as a result of improved
improve young salmon production, Limitinghabitat.
harvest will provide adequate numbers of
spawners and help sustain long-term fishery GREATER SANDtlILLCRANEi harvest.

Improvements in pasture lands and seasonally
flooded agricultural habitats, such as flooded corn

I fields, should toward of thehelp r~overy greater
sandhill crane population. The population should
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remain stable or increase with improvements inpossibly increases in some populations would be
habitat, expected.

WESTERN YELLOW-BILLED CUCKOO NEOTROPICAL NIIGRATORY BIRDS

The yellow-billed cuckoo along the San JoaquinThe vision for the neotropical migratory bird
River and its tributaries is not a species for whichguild is to restore and maintain healthy
specific restoration projects are proposed,populations of neotropical migratory birds
Potential habitat for the cuckoo will be expandedthrough restoring habitats on which they depend.
by improvements in riparian habitat areas. TheseProtecting existing and restoring additional
improvements will result from efforts to protect,suitable wetland, riparian, and grassland habitats
maintain, and restore riparianand dverine aquaticwill be critical to maintaining healthy neotropical
habitats throughout .the San Joaquin.River andmigrant bird populations in the Bay-Delta.
East San Joaquin Ecological Zones, thus
sustaining the fiver meander belt, and increasing INTEGRATION WITH OTHER
the natural sediment supply to support meander
and riparian regeneration. RESTORATION PROGRAMS

RIPARIAN BRUSHRABBIT Maintaining and restoring the health of the
ecological units in the East San Joaquin Basin

The vision for the riparian brush rabbit is to assist"Ecological Zone ~will depend on the efforts of
in the recovery of this State-listed endangeredlocal and State water management agencies.
species in the Bay-Delta through improvements inEfforts in the basin will be linked to activities of
riparian habitat and reintroduction to its formerthe California Waterfowl Association, Ducks
habitat. Restoring suitable mature riparian forest,Unlimited, and The Nature Conservancy. Overall,
protecting and expanding the existing population,these efforts will require cooperation from
and establishing new populations will be criticalresource agencies such as DFG, DWR, USFWS,
to the recovery of the riparian brush rabbit,and the National Marine Fisheries Service
Restoration of riparian habitats in the East San(NMFS), as well as participation and support from
Joaquin Basin Ecological Zone and adjacentReclamation, the U.S.~ Natural Resources
upland plant communities will help the recoveryConservation Service, and other ~private
of this species by increasing habitat area andorganizations, water districts, and landowners.
providing refuge from flooding. These groups will work together to maintain and

restore streamflows and fish and wildlife habitat,
SHOREBIRDS AND WADING BIRDS reduce impacts of diversions, minimize poaching,

and minimize-habitat and water quality
Sht~rebirds and wading birds will benefit fromdegradation in basin streams. !n support of this
restoration of wetland, riparian, aquatic, andeffort, funding may be provided to enhance
agricultural habitats. The extent of seasonal use ofstreamflows, reduce fish-passage problems,

the East San Joaquin Ecological Zone by thesescreen diversions, restore habitats, and increase
birds should increase, enforcement of the California Fish and Game

Code to protect recovering populations.of salmon
WATERFOWL and steelhead. Oakdale and South San Joaquin

Irrigation Districts also are active partieipan~ in
Many species of resident and migratory waterfowleeosy~em restoration efforts on the. lower

will benefit from improved aquatic, wetland, Stanislaus River. The Modesto and Turloek

riparian, and. agricultural habitats. Increase use ofIrrigation Districts play important roles in

the East San Joaquin Ecological Zone andrestoration efforts on the lower TuolumneRiver.

~ ¢2a~
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The districts are working in cooperation with collaborated to identify feasible, voluntary actions
resource agencies on research and restoration. to protect the San Joaquin River’s fish resources.
projects for fall-run chinook salmon in the basin. In spring 1996, these parties agreed on a "Letter

of Intent to Resolve San Joaquin River Issues."
CENTRAL VALLEY PROJECT This agreement, when finalized, has the potential

IMPROVEMENT ACT of providing the following:

Restoring and maintaining ecological processes̄ higher minimum base flows,
and functions in the East San Joaquin Basin
Ecological Zone will augment other important̄ significantly increased pulse flows,
ongoing and future restoration efforts for the
zone. This program will complement efforts of thē installation and operation of a new fish barrier
USFWS’sAFRP (USFWS 1995). The goal of the on the mainstem San Joaquin River,
program is to double the natural anadromous fish

¯ set up a new biological monitoring program,production the systemover the average

production during 1967 to 1991. CVPIA and
authorized the dedication and management of
~800,000 af of CVP yield annually to implement ¯ set aside federal restoration funds to cover
fish, wildlife, and habitat restoration purposes and costs associated with these measures.
measures. Becanse the Stanislaus River is a CVP-
controlled stream, a portion of this allocation hasOne of the important components of the
been released to the lower river to improve Agreement is the development of the Vemalis
salmon rearing and emigration. CVPIA alsoAdaptive Management Program (VAMP) to
directed the Secre’~ary of the Interior to evaluateimprove environmental conditions on the San
and determine the existing and anticipated futureJoaquin River. Elements of this potential adaptive
basin needs in the Stanislaus River basin whilemanagement program include a range of flow and
preparing the Stanislaus River Basin andnon-flow habitat improvement actions throughout
Calaveras River Water .Use Program Environ- the watershed, and an experimental program
mental Impact Statement. designed to collect data needed to develop

scientifically sound fishery management options

SALMON, STEELHEAD TROUT AND for the furore.

ANADROMOUS FISHERIES PROGRAM ACT
The future of the Agreement is unknown at this

The vision will also help the DFG reach its goal However, bytime. severalactions the San

of doubling the number of anadromous fish thatJoaquin River Stakeholders Policy Group and

were produced in 1988. other parties have been or are presently l~ing
implemented throughout the watershed. These

AGREEMENT ON SAN JOAQUIN RIVER         actions include:
PROTECTION                  ¯ Extensive seientifid studies of the chinook

~lrnon fishery and habitats on the Tuolumne,
In an effort to resolve issues brought forth in the Mereed, and Stanislaus Rivers; .
State Water Resources Control Board’s 1995
Water Quality Control Plan for the Bay/Delta, the ¯ Districts have assisted in the bypassing of
San Joaquin River Tributaries Association, San high river flows around spawning areas as
Joaquin River Exchange Contractors Water requested by State and federal agencies to ’
Authority, Friant Water Users Authority, and the provide more stable flows during the fall
San Francisco Publie~Utilities Commission spawning period;

ii~ ~
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¯ Improved instream flows in order to increase 1995 for the Tuolumne River between 10
naturally occurring chinook salmonstakeholder and resource agencies. It amended the
populations; license for the New Don Pedro Project to increase

instream flow releases from New Don Pedro Dam.
¯ Water transfers to the USBR pursuant to the Flows in this agreement were incorporated into a

CVPIA to help implement a portion of the FERC Order Amending License for the New Don
Anadromous Fish Restoration Program; Pedro Project.

¯ Chinook salmon habitat restoration work; LINKAGE TO OTHER

¯ Spawning gravel rehabilitatio.n; ECOLOGICAL ZONES

¯ Inventory and development of habitatMany of the resource elements in the East San
restoration project proposals; Joaquin Basin Ecological Zone depend

extensively on conditions or elements in other
¯ -Feasibility study of establishment of a salmonzones. Anadromous fish, for example, are highly

hatchery and rearing facilities, migratory and depend on conditions in the
mainstem San Joaquin River, the Delta, San

SAN JOAQUIN RIVER MANAGEMENT Francisco Bay, and the nearshore Pacific Ocean.

PROGRAM (SJRIVIP) Because these fish are affected by stressors
throughout their range, such as unscreened

This program will complement the SJRMP, whichdiversions, toxic ~ontaminants, water quality, and

was established through State legislation (Chapterharvest, restoring populations in the East San
1068/90) :to develop comprehensive andJoaquin Basin Ecological Zone will require
compatible solutions to ~ water supply, watercorresponding efforts in other zones..
quality, flood control, fisheries, wildlife habitat,
and recreational needs in the San Joaquin RiverThe ecosystem health of the East San Joaquin
basin. The program resulted in a final report withBasin Ecological Zone is highly dependent on
recommendations to the California Legislature inconditions in the downstream San Joaquin River
February 1995 and has now entered theand Sacramento-San Joaquin Delta Ecological
implementation phase. Zones. Stressors there (water diversions and water

’ quality) have a significant effect on resouroes in
FERC LICENCE PROGRAM this zone. Conditions in San Francisco Bay and

the Pacific Ocean can ~lso have a significant

Minimum flow req.uirements below each of theeffect on resources in this zone.

dams on the rivers are required by FERC
hydropower licenses. E~sting minimum flows in Stressors in the mainstem San Joaquin River have
the lower Merced River are designated in FERC significant effects on resources in its tributary

License No. 2179 for the New Exchequer Project, streams. In particular, reduced streamflow and the

issued in April 1964, and the Davis-Grunskyhigh input of contaminants into the mainstem San

Contract No. D-GGR17 (DWR Contract No. JoaquinRiverreduee survival ofanadromo.us fish

160282) between DWR and MID, executed in migrating up and down the river, to and from
spawning and rearing areas in the tributaryOctober 1967. The Davis-Grtmskycontract

requires MID to maintain a continuous flow ofstreams.

between 180 cfs and 220 efs in the lower Mereed
River from November 1 through April 1 Water, sediment, nutrient supply, and input of

throughout the reach from Croeker-Httffman Damcontaminants from the tributary streams in this

to Shaffer Bridge. An agreement was executed inzone all influence habitat conditions in the
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mainstem San Joaquin River. Changes in theseIMPLEMENTATION OBJECTIVES)
factors from historical conditions have
contributed habitat the TARGETS  AND PROGRAMMATICto degradationon

mainstem river. Maintaining a healthy riparian ACTIONS
zone and balanced sediment budget in the

Targets develot~ed for the East San Joaquin BasinmainstemSan JoaquinRiver will dependon

appropriate nutrient, water, and sediment inputEcological Zone can be classified by their
from the major tributaries~ Water supply from the reliability in contributing to attainment of the
tributaries is critical to maintaining aquatic habitatimplementationobjectives. The target
in the mainstem river between the Mereed Riverclassification system used in the following section
confluence and Vemalis, because Friant Damis as follows:
diverts nearly all of the flow from the upper San
Joaquin River watershed. Class Description

The Sacramento-San Joaquin Delta Ee01ogical̄ Target for which additional research,
demonstration, and evaluation is needed to

Zone provides essential habitat for upstream determine feasibility or ecosystem response:
migration of adult anadromous fish and down-
stream migration and rearing of juvenile,4, Target which will be implemented in stages
anadromous fish from the San Joaquin River with the appropriate monitoring to judge
basin. Conditions in the Bay-Delta significantly benefit and success.
affect anadromous fish production in the San¯ .-
Joaquin River basin, because, in most years, much,--, Target that has sufficient certainty of success
of the inflow from the basin is diverted in the to justify full implementation in accordance
Delta, and the loss of juvenile salmon and with adaptive management, program priority
steelhead in Delta water diversions .is high. In setting, and phased implementation.
turn, the magnitude of inflow and the input of .
nutrients, contaminants, and sediments from the ECOLOGICAL PROCESSES
San River and its tributariesJoaquin significantly
affect the health of the Bay and Delta ecosystem. CEIVrRAL VAJ~I~Y STR~AMFLOWS
Restoringand maintaining a healthy ecosystem in
this zone wil! be critical to restoring theIlVlI’LEMENTATION OBJECTIVE: The
ecosystem in the Bay and Delta. implementation objective for Central Valley

streamflows is to restore basic hydraulic
Additionally, stressors affecting fish and wildlifeconditions to reactivate and maintain ecological
species using the San Joaquin River basin duringprocesses that create and sustain habitat required
at least part of their life cycle occur outside thefor healthy fish, wildlife, and plant populations.
identified ecological zones. For example, ocean
recreational and commercial fisheries have a ~:,T,gRC;ET 1: Maintain the following base flows in
significant effect on the numbers of" anadromousthe Stanislaus Rivet below Goodwin Dam (--~):
fish returning to spawn and rear in the San
Joaquin River basin. New harvest management̄ in critical, dry, and below-normal years,
strategies forthe ocean fisheries may be needed to minimum flows should be 200 to 300 cfs,
ensure restoration of San Joaquin tributary salmon except for a flow event of 1,500 cfs for 30
runs. days in April and May,

¯ in above-normal years, minimum flows
should be 300 to 350 cfs, except for 800 cfs in
June mad 1,500 cfs in April and May, and

Volume II: Ecosystem Restoration Program Plan
-.~ ~t~ East San Joaquin Basin Ecological Zone Vision

~ ~ Draft: March 1998
419

C--007041
(3-007041



¯ in wet years, minimum flows should be 300 ’~eptember, 180c: :,m October 1-15, 180
to 400 cfs, except for 1,500 cfs from April : .~fs from October , .fay 31, plus a 35,920
through June. acre-foot outrnigra.~:~ ,:~:: pulse flow and a 1,676

acre-foot attraction pulse flow,
PROGRAMMATIC ACTION 1A: Develop a
cooperative approach to coordinate flow releases̄ in median below normal years, flow release
to attain target levels, should be 75 cfs from June through

September, 200 efs from October 1-15, 175
TARGET 2: Provide the following 10-day spring efs from October 16- May 31, plus a 60,027
flow events on the Stanislaus River: 2,500 to acre-foot outmigration pulse flow and a 1,736
3,000 cfs in late April or early May in normal acre-foot attraction pulse flow,
years and 3,000 to 4,000 efs in wet years. Such
flows would be provided only when inflows to ¯ in all other, year types (hatermediate below
New Melones Reservoir are at these levels (~). normal/above normal, median above normal,

intermediate above normal-wet, and median
PROGRAMMATIC ACTION 2A: Develop a wet/maximum years), flow release should be
cooperative approach to coordinate flow releases 250 cfs from June through September, 300 efs
to attain target levels, from October 1-15, 300 cfs from October 16-

May 31, plus a 89,882 acre-foot outmigration
TARGET 3: Maintain the following base flows in pulse flow and a 5,950 acre-foot attraction
the Tuoltunne River below Don Pedro Dam (~): pulse flow.

¯ in critical and below years, flow releasePROGRAMMATIC ACTION. 3A: Develop a
should be 50 - efs from June throughcooperative approach to coordinate flow releases
September, 100 efs from October 1-15, 150 to attain target levels.
.cfs from October 16-May 31, plus ~a 11,091
acre-foot outmigration pulse flow, TARGET45: Maintain the following base flows in

.the Merced River below Lake MeClure:
¯ in median critical dry years, flo~.. release

should be 50 efs from June through̄ in dry years, minimum instream flows at
September, 100 efs from October 1-15, 150 Shaffer Bridge should be 15 cfs from June
cfs from October 16- May 31, plus a 20,091 through October 15, 60 efs from October 16
acre-foot outmigration pulse flow, through October 31 and January through May,

and 75 efs in November and December, and
t~ !~ intermediate critical dry years, flow release

~:hould be 50 ~fs from ~une through¯ in normal years, minimum instream flows
September,150 efs from October 1-15, 150 at Shaffer Bridge should be 25 cfs from June
cfs from October 16- May 31; plus a 32,619 through October 15, 75 efs from October 16
acre-foot outmigration puls~ rqow, through October 31 and January through May,

and 100 cfs in November and December.
¯ in median dry years, flow release should be

¯ 75 efs from June through September, 150 efsPROGRAIVlMATIC ACTION 4A: Develop a
from October 1=15, 150 cfs from October 16- cooperative approach to coordinate flow releases
May 31, plus a 37,060 acre-foot outmi~,<Xion to attain target levels.
pulse flow, ¯

TARGET5: Provide the following 10-day spring
¯ in intermediate dry-below normal yezax, zqow flow even~ on the Merced River: 1,000 to

release should be 75 efs from June through1,500 efs in late April or early May in dry years,
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1
2;000 to 2,500 efsin normal years, and 3,000 to maintenance processes as well as contribute to
4,000 cfs in wet years. Such flows would besustaining a diversity of aquatic, floodplain and
provided only when inflows to Lake McClure are ’other closely linked habitats such as seasonal
at these levels (4~4~). wetlands and riparian forests. Still, the present

recommendations for "ecosystem" flows suffer
PROGRAMMATIC ACTION 5A: Develop a from insufficient data regarding better estimates
cooperative approach to coordinate flow releasesof sediment transport and channel maintenance
to attain target levels, flows. These are very important aspects of

integrating flow prescriptions with actual
RATIONALE: Flows in the Stanislaus, Tuolumne, ecosystem restoration requirements and will
and Merced Rivers.are controlled by releases require the development of testable hypotheses

¯from foothill storage reservoirs (New monitoring programsMelones, and the research
New Don Pedro, and New Exchequer Reservoirs, necessary to collect and evaluate data to support
respectively). Improving base flows would or refutethehypotheses.

I increase habitat, for spawning, rearing, and
migration of salmon and steelhead,-Pulseflows in The r¢commended flow event on the Stanislaus
spring would help to restore natural stream River may be constrained in.the short-term by

i channelprocesses; gravel recruitment, cleansing, flood control ~oncerns below Goodwin Dar~ Full
and transport; and riparian vegetation implementation of the proposed flows may depend
development and survival. These flows also would on land use.changes in the floodplain that could
help to support juvenile salmon and steelhead be inundated by the flow events. The flow event is
emigration to the Deltc~ closely related to recommendations in this section

regarding stream meander corridor and natural
In all cases, flows will continually subject to the floodplains andfloodprocesses.
developing aspects of adaptive management in
which decisions are based on the development Minimum flows are necessary in the salmon and
and evaluation of testable hypotheses. Flow steelhead spawning and rea~_ing areas of each of
recommendations are linked to water quantityand the three rivers to sustain adequate physical
quality and in the long-term should be designed to habitat, water temperatures, and food supply for
contribute to species maintenance and juvenile salmon andsteelhead, both ofwhich may
restoration, improving natural or semi-natural be year-round residents. In some cases, base
ecological functions, and assist in promoting the flows may be higher than unimpaired flow. Such

i sustainability of specific types, of habitat flows are necessary, because spawning and
important to fish, wildlife and plant communities, rearing habitats for juvenile salmon and

steelhead, traditionally located upstream of the
Given the wide variety of past and recent flow dams, now ar~ located downstrean~I recommendations, it is that muchapparent
additional information is required to better use Flow events are recommended during spring to
existing water supplies to meet all the beneficial more closely emulate the natural spring peak-flow

I uses, with particular focus on the ecosystem pattern. Such flows stimulate and support
requirements. The basis for ERPP flow downstream juvenile salmon and steelhead
recommendations eventually will differ migration. The spring flow will also mobilize,
significantlyfromflow recommendations based on clean, and transport spawning gravels; create
the needs of chinook salmon migratior~ spawning~ point bars and other instream habitat types; and
and rearing. Salmon flows will likely continue to contribute to a natural channel meandering
form the core of flow needs, but from the pattern and riparian scrub arml woodland habitat
ecosystem perspective, flows will need to meet the development ~ maintenance.
need of sediment transport and other channel
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1
DFG H993) believes existing flow requirements restoring chinook salmon and for their
are inadequate for fall-run chinook salmon contribution in promoting a healthy alluvial river
migration, spawning, egg incubation, juvenile system.

1rearing, and smolt emigration~ on the Merced
River. Adequate releases for upstream attraction Flow targets were recommended by DFG (1993)
of adults and spawning begin on November 1, but for the lower Tuolumne River following results of 1
migration typically begins in October. The current an instream flow study (7.ZS. Fish and Wildlife
spawning and rearingflow requirements are not Service 1993) and smolt survival studies. Flow
the result of scientific studies and may be too low needs recommended by DFG are met in many
to meet spawning and rearing needs. Flows in the year-types by flows specified in the settlement
spawning reach during the spawning and early agreement. However, DFG (1993) stated that,
rearing period are further depleted by water although its flow recommendations were a
diversions. Spring flows for smolt emigration are significant improvement over the recent historical
particularly inadequate, flow releases, they are not the most favorable for

salmon spawning, rearing, or emigration,
Flow targets recommended by DFG (1993)for the particularly in drier years. The recommended
lower Merced River were derived from instream flow pulses in April and May .are prescribed to
flow study and smolt survival data from similar better meet these needs in .drier years and to ¯
drainages. Recommended flows during the spring support stream channel and riparian habitat
emi.gratian period are consistent with proposed processes.
spring outflow objectives for the basin at Vernalis ¯
on the San Joaquin River. Although the proposed Existing minimum fishery flows in the lower
flows are a significant improvement over the Stanislaus River are designated in a 1987 study
current flow releases, they are not the most agreement between Reclamation and DFG. This ¯
favorable for salmon spawning, rearing, or agreement, enacted under a DFG protest of
emigration, particularly in drier years (California Reclamation’s water right applications to redivert
Department offish and Game 1993). watbr from New Melones Dam,. specifies interim

annual flow allocations for fisheries between
Flow targets recommended by USFWS (1995) for 98,300 af and 302,1 O0 af, depending primarily on
the Merced River were developed by the AFRP carryover storage at New Melones and inflow.
San Joaquin Basin Technical Tear~ Instream flow schedules are set annually by DFG ¯
Recommended flows were derived from historical in the total armual flow allocation spec~qed in the
flows and results of biological st~.ies. The team agreement. In recent years, coordinating fishery
believes that implementing the flow schedule, and water quality flow releases and releases for l
along with other recommended actiohs, would water sales and transfers has resulted in
double natural fall-run chinook salmon additional flow releases that significantly benefit
production in the Merced River. anadromous fish.

1

For the lower Tuolunme River, an agreementwas DFG (1993) stated that the existing flow
executed in 1995 between 10 stakeholder and requirements are inadequate for fail-run chinook l
resource agencies. It amended the license for the salmon migration, spawning, egg incubation,
New Don Pedro Project to increase instream flow juvenile rearing, and smolt emigration on the
releases from New Don Pedro Dam. Flows in this Stanislaus River. Spring flows for ,~molt 1
agreement were incorporated into a FERC Order emigration are particularly inadequate. There is
Amending License for the New Don Pedro Project a positive relationship between spring ouOqow at
(July 1996). This new flow agreement is based on Vernalis on the San Joaquin River and at Ripon 1
ten different water year types. These new flows on the Stanislaus River to adult escapements into
should be viewed as the experimental baseline for the basin 2½ years later. Results of smolt survival
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studies completed on the Stanislaus River thus far TARGET 1: Maintain existing levels of erosion
indicate a positive relationship between smelt and gravel recruitment in tributaries that sustain
survival and springflow releases. April through ~ an adequate level of gravel recruitment, or restore
Mayflow events are prescribed for these reasons, desirable levels by directly manipulating and

augmenting gravel supplies where the natural
Flow DFG (1993)for the flow has been dams ortargets recommendedby process interruptedby
lower Stanislaus River were formulated from other features that retain or remove the gravel
results of an instream flow study (~.S. Fish and supply (O.).
Wildlife Service 1993) and smelt surviva! studies. ~
Flows for October through March were PROGRAMMATIC ACTION 1A: Evaluate the
determined from results ofthe instreamflow study feasibility and need for establishing long-term
for salmon spawning,, egg incubation, and sediment augmentation programs for streams
rearing. Flows during April and May determined below major .impoundments in the East San
from results of the smelt survival studies. The Joaquin Ecological Zone.
flows are consistent with spring outflOW objectives
proposed for the basin at Vernalis on the San PROGRAMMATIC ACTION 1B: Evaluate spawning
Joaquin River. Summer flows addressed needs of gravel quality in areas used by chinook salmon in.
oversummering yearling salmon and steelhead, the Stanislaus River. If indicated, renovate or
Although these flow targets are a significant supplement gravel supplies to erthanee substrate
improvement overthecurrentflowreleases, they quality by importing additional gravel as
are not the best possible for salmon spawning, conditions require.
rearing, or emigration, particularly in drier years
(California Department offish and Game 1993). PROGRAMMATIC ACTION lC: Evaluate spawning
Again, this is the reason for recommending gravel quality in areas used by chinook salmon in
additional April through Mayflowpulses. the Tuolumne River. If indicated, renovate or

supplement gravel supplies to enhance substrate
Flow targets recommended by USFWS (1995) for quality.
the Stanislaus River were developed by the San
doaquin Basin Technical Tear~ Recommended PROGRAMMATIC ACTION 1D: Evaluate spawning
flows were derived from historic flows and results gravel quality in areas, used by chinook salmon in
of biological team the River. indicated, renovate orsllldies. believes that Merced If
implementing the flow schedule, in concert with supplement gravel supplies to enhance substrate
other recommended actions, would double natural quality
fall-run chinook salmon production in the
Stanislaus River. RATIONALE: Gravel transport is the process

whereby flows carry away finsr sediments that fill
NATURAL SEDIMENT SUPPLY gravel interstices (spaces between cobbles).

Gravel cleansing is the process whereby flows ,.
IMPLEMENTATION OB3ECTIVE: The transport, grade, and scour gravel. Gravel
implementation objective for natural sedimenttransport and cleansing, by. flushing most fines
supply is to establish sufficient quantities toand moving bedload, are important processes to
riverine and estuarine systems to restore ormaintain the amount and distribution ofspawning
reactivate stream channel meander and point barhabitat in the Sacramento-San Joaquin River
formation, provide sediments to rebuild wetlandsbasin. Human activities have greatly reduced or
and shallow-water habitats, and provide foraltered these processes. Opportunities to maintain
nutrient transport, and restore these processes include changing

water flow, sediment supplies, and basin
geomorphology (earth forming process);
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1
1

removing stressors; or manipulating channel PROGRAMMATIC ACTION 1¢: Develop a
features and stream vegetation directly, cooperative program to improve opportunities for

natural meander, by removing riprap and |
A feasibility study that emphasizes the hydrologic relocating other structures that impair stream
and fluvial geomorphologic aspects of the three meander.
watershed need to be conducted early in the []
program to provide guidance of the development TARGET 2: On the Mereed River between the
and implementation of potential sediment towns of Cressey and Snelling,isolate gravel pits,
augmentation programs. This will require the reconfigure (rearrange) dredge railings, and 1
expertise and knowledge of trained experts. It may restore a more natural eharmel configuration to 5
be that gravel deposits in streams of the East San to 7 miles of disturbed stream eharmel. On the
Joaquin Basin Ecological Zoneare essentibl to Tuolumne River, between fiver miles (PdVls) 25
maintain spawning and rearing habitats offall- and 51, isolate 15 to 30 gravel pits, reconfigure
¯ run chinook salmon, steelhead, and other native dredge tailings, and restore a more natural stream¯ !fisl~ Opportunities to maintain and restore gravel channel to 6 to 9 miles of disturbed stream
zecruitment include manipulating natural channel. On the Stanislaus River, restore a more
processes and controlling or managing natural stream eharmel to 2.5 to 5 miles of
environmental stressors that adverselyaffect disturbed stream channel (~,,). 1
recruitment.

PROGRAMMATIC ACTION 2A: Develop a
STREAM MEANDER cooperative program, consistent with flood []

management, to restore more natural channel
IMPLEMENTATION OBJECTIVE: The configurations to reduce salmonid predator habitat
implementation objective for stream meander is toand improve migration corridors.                     1
maintain, improve, or restore natural stream 1
meander processes to allow natural sedimentPROGRAMMATIC ACTION 2n: Work with
recruitment, create habitats, and promote riparianpermitting agencies to appropriately structure 1
succession, future gravel extraction permits. Coordinate the

design and implementation of gravel pit isolation
TARGET 1: Preserve and expand the stream-and stream channel configuration with the Corps,
meander belts in the Stanislaus, Tuolumne, andlocal water management agencies, and local
Mereed Rivers by adding a cumulative total ofgovernments.
1,000 acres of riparian lands in the meander zones
(,@,). PROGR~blMATIC ACTION 2C: Develop a 1

cooperative program with the counties, local
PROGRAMMATIC ACTION 1A: Acquire riparian agencies, and aggregate (sand and gravel)
and meander-zone lands by purchasing themresource industry to develop and implement 1
directly or acquiring easements from willinggravel management programs for each of the three
sellers, or provide incentives for voluntary effortsrivers.
to preserve and maaage riparian areas on private 1
land. PROGRAMMATIC ACrlON 21~: Develop a

cooperative program, to implement a salmonid
PROGRAMMATIC ACTION 1B: Build local support spawning and rearing habitat restoration program, 1
for maintaining active meander zones byincluding reconstructing channels at selected sites
establishing a mechanism through which propertyby isolating or filling in inchannel gravel
owners would be reimbursed for lands lost toextraction areas. []
natural meander processes.

1
~ ~
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RATIONALE: Stream meander, natural sediment TARGET 1: Restore and improve opportunities for
supply, andfloo@lain and flood processes are rivers to inundate (flood) their floodplain on a
closely linked and some of the programmatic seasonal basis (~).
actions under stream corridor wouM also be
appropriate for natural sediment supply or PROGRAMMATIC ACTION 1A: Conduct a

Between 1942 and 1993, feasibility to construct setback levees in thefloodplain processes. study
approximately 6.8 to 13.6 million tons of bed Stanis!aus, Tuolumne,and Mereed River
material were mined from the active Merced River floodplains.
channel. The pits that resulted from this
excavation occupy approximate!y 4 miles of the PROGRAMMATIC ACTION 1B: Restore, as needed,
existing river channel between the towns of stream channel and overflow basin configurations
Cressey and Snelling (Kondolf et al. 1996). within the floodplain.
Restoration planning for the lower Tuolumne
River has identified the need for channel PROGRAMMATIC A~-’I’ION lC: Minimize effects
reconstruction in approximately 8.5 total miles, or of permanent structures, such as bridges and
42°~ of the spawning reach (from RM45.3 to RM diversion dams, on floodplain processes.
25.1), isolation of backwater areas at
approximately 20 sites located from RM50.3 to PROGRAlVlMATIC ACTION 1I~: Develop a
RM 30.1, and isolation of gravel pits from the floodplain management plan for the Stanislaus
active channel at approximately 10 locations from River.
RM 50.0 to RM 30.5. Gravel mining was less
extensive on the lower Stanislaus River, but PROGRAMMATIC ACTION 1£: Develop a
channel improvements there are also needed, floodplain management plan for the Tuolumne

Stream channel resioration to isolate or reduce
gravel extraction pits has been identified ~s an. PROGRAMMATIC ACTION 1g: Develop a
important component of a comprehensive floodplain management plan for the Mercer
spawning and rearing habitat improvement River.
program in the basin (California Department of
Fish and Game 1993, U.S. Fish and Wildlife RATZONAI~: Setback levees willprovide greater
Service 1995). floodplain immdation, room for stream meander,

and greater amounts of riparian forest and
Additional research or technical advice is seasonal wetland habitats along the lower rivers.
required to better understand and develop specific Channel configuration adjustments may be
projects designed to improve stream channel necessary to accelerate restoration of natural
meander, improve sediment supplies, and to floodplain habitats and to restore and maintain
increase the benefits of the interaction of streams configurations that may not occur naturally due to
with their floodplains, remaining constraints from new setback levees.

Permanent structures, such as bridges and
NATURAL FLOODPLAIN AND FLOOD diversions dams can interrupt and impair natural

PROCESSES .. floodplain processes and habitat development and
succession, thus requiring removal of the

IMPLEMENTATION On,IECTIVE: The structures, rebuilding, or some continuing
implementation objective for nata~l floodplainsmaintenance or mitigative efforts to minimize
and flood processes is to modify channel andtheir effects.
basin configurations to improve floodplain
function along rivers .and streams in theThe present channel capacity of the Tuolurane

Sacramento-San Joaquin basin, river is about 9, 000 cfs which is not large enough
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1
to meet the needs of maintaining a healthy " ¯ October 15 through February 15, 56"F, and
alluvial river.ecosystem. The January 1997flood . .I April 1 through May 31, 65"F. 1
on the lower tuolumen River peaked at 60, 000 cfs 1
and provided a glimpse of the resiliency of the PROGRAMMATIC ACTION 1A: Cooperatively
Tuolumne River. While the high flows damaged evaluate the use of temperature control 1
development in the flbodplain, it also created devices/reservoir management options to reduce
alternate bars in the channel, recruited gavel water temperatures during critical periods.
from the banks as the river meandered, and
placed large woody debris in the stream channel. PROGRAMMATIC ACTION lit: Evaluate the |
As a result of the 1997floods, the Governor’s impact of irrigation returns on stream
Flood Emergency Action Team Final Report (May temperature.
10, 1997) redommended that the U.S. Army Corps 1
of Engineers conduct a study to increase the RATIONALE: Water temperatures in the lower
channel capacity in the Tuolumne river to convey rivers in fall and spring often exceed stressful
flows up to 20,000 cfs. This would more than or lethal levels for fall-run chinook salmon. High
double the present 9, 000 cfs capacity, mimic the temperatures typically ocear in drought periods,
seasonal peak to a greater degree, and provide when storage levels in reservoirs have dropped
additional ecological benefits while providing sufficiently to allow warm surface waters to be
greater flexibility to numage floods. An expanded included in storage releases to the lower river.
floodway on the Tuolumne river would also Retaining water over the summer that may
address the implementation objectives related to otherwise be released for downstream irrigation 1
natural sediment supply, stream meander, and or other purpose may allow the cold water in the
stream temperatures, reservoirs to be retained through the early fall

critical temperature periocZ Elevated 1
Other benefits of improving the quantity of temperatures are thought to delay migration and
floodplains include: spawning (California Department of Fish and

Game 1992), reduce egg survival, and increase 1
¯ increased shading and food web support, mortality of rearing and outmigratingjuveniles
¯ re-establishment ofstream meander, and (California Department offish and Game 1993).
¯ potential conversion of agricultural land to The target temperature levels would maintain 1

floodplain and the reduced need for suitable habitat for ehinook salmon for spawning,
diversion, rearing, and outmigration throughout the lower

rivers. These levels are identified in DFG (1993) 1
CENTRAL VALLEY STREAM aria in ~SFrrS (1995). |TEMPERATURES

UPPER WATERSHED PROCESSES

IMPLEMENTATION     OBJECTIVE:     The                                                      1
implementation objective for Central ValleyIMPLEMENTATION OBJECTIVE: The
stream temperatures is to maintain, improve, andimplementation objective for upper watershed
restore water temperatureregimes the health and function is to restore ecological ¯tomeet
life-history needs of aquatic organisms, processes in the upper watersheds to maintain and

improve the quality and quantity of water flowing mitt

TARGET 1: Maintain maximum surface waterinto the tributaries and rivers of the Sacramento-
temperatures on the lower Mereed, Tuolumne,San Joaquin Delta and San Francisco Bay.
and Stanislaus Rivers to the downstream
boundary of the salmon spawning area during fallTARGET i: Restore upper watershed health.(4,). 1
and winter and to the mouth of the river during
the spring as follows (~4~4~):
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! PROGRAMMATIC ACTION 1A: Reduce excessive encompasses about 800 acres of land along the
fire fuel loads in upper watersheds, east side of the San Joaquin River near the

confluence of the and workingTuolumneRiver,
PROGRAMMATIC ACTION 1B: Improve forest to acquire an additional 6,200 acres offish and
management practices, including timber harvest,wildlife habitat on land adjacent to the existing
road building and maintenance, and livestockrefuge. Part of this expansion has recently been
grazing practices, funded through the CAZFED Category 11I. habitat

restoration program. This project will ~benefit
PROGRAMMATIC ACTION lC: Develop a Aleutian Canada geesel greater sandhill crane,

. watershed management plan. western yellow-billed cuckoo, Swainson’s hawk,
riparian brush rabbit~, riparian wood rat, valley

RATIONALE,: Improving watershedprocesses.will elderberry longhorn beetle, splittail, waterfowl,
maintain and restore seasonal runoff patterns, shorebirds, herons, and neotropical migratory
water yield, and water quality ~and reduce birds.
sediment load to downstream storage reservoirs
(consequently reducing storage capacity and The Central Valley Habitat Joint Ventures goals
improving water quality). Healthier watersheds for the San Joaquin Valley, including the Fast San
will also benefit upper watershed habitats and Joaquin Ecological Zone, are to:
species.

¯ Protect 52,500 acres of existing wetland in
]~xBITAT perpetuity through fee acquisition or

conservation easements,
General Habitat Rationale

¯ . Restore and protect in perpetuity 20,000
The primary focus of habitat restoration in the acres offormer wetlands,
Fast San Joaquin Ecological Zone is directed at
restoring riparian and riverine aquatic habitats. ¯ Enhance 120,300 acres of’existing wetlands,

Many other habitat are important in providing for
the diversity of fist~ wildlife and plant species in
this zone including seasonal wetlands, fresh ¯ Enhance 15,290 acres of private agricultural

lands to support nesting and winteringemergent wetlallds, lands.
¯ Important areas that will provide these types of waterfowl.

habitat include Merced National Wildlife Refuge
and San River National      Some of these habitat improvement andJoaquin WildlifeRefuge
which overlaps the East San Joaquin and San restoration projects will occur in the Fast San
Joaquin River Ecological Zones. In addition, the Joaquin Ecological Zone.
Central Valley Habitat Joint Venture is¯
implementing recommendations to improve RIPARIAN AND RIVERINE AQUATIC
seasonal wetlands and agricultural lands through ]]~BITAT
out the San doaquin River and East San Jbaquin
Ecological Zones. IMPLEMENTATION OBJECTIVE: The

implementation objective for riparian and riverine

I Eocpansion ofthe San Joaquin RiverNWR will be aquatic habitats is to restore riparian scrub,
an important component in providing the habitats woodland, and forest habitat along ~ largely
required by waterfowl, shorebirds, and other nonvegetated dprapped banks of Delta island
neotropical migrant species. Congress has levees, the Sacramento and San Joaquin Rivers,
approved the 10,300 acre San Joaquin River and major tributaries of the Sacramento and San
NWI~ Presently, the San Joaquin NWR Joaquin Rivers. These actions would create
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1
riparian vegetation corridors to provide shaded Improving low- to moderate-quality SRA habitat
riverine aquatic cover for anadromous and other: will benefit juvenile chinook salmon andsteelhead 1
fish species. This also would create high, qualityby improving shade, cover, and food Other 1
habitat for associated special-status plant andwildlife in this ecological zone will also benefit
animal species and other wildlife, from improved habitat. Protecting and improving

SRA habitat may involve land use changes that
TARGET 1: Provide conditions for riparian will require the consensus of local landowners
vegetation growth along sections of rivers inthe. and local, State, and federal agencies. Limitations 1
East San Joaquin Basin Ecological Zone (.~). on land suitable or available for restoration will

require establishing priorities, with efforts
I~ROGRAMMATIC ACTION 1A: Purchase d~rected at acquiring high-priority, low-cost sites ¯

1
streambank conservation easements from willing- first. 1
sellers, or establish voluntary incentive programs
to improve salmonid habitat and instream coverRiparian habitat along the lower portions of the
alongthe Stanislaus River. three rivers has been significantly reduced Before ¯

- the loss of habitats, riparian forests were an
PROGRAMMATIC ACTION 11~: Evaluate the important component of the mosaic (mixture) of
beneffrts ofrestoring aquatic and riparian habitatshabitats in the San Joaquin Valley, providing 1
on the Stanislaus River, including creating sidehabitat for many native wildlife species. The
channels to serve as spawning and rearing habitatsriparian community provides nutrient and woody
for salrnonids, debris input to the aquatic system, as well as 1

shade and increased bank stability. To restore the
PROGRAMMATIC ACTION 1C: Purchase       riparian community along the lower rivers,
streambank conse~"~tion easements from willingfurther riparian vegetation removal should be 1
sellers, or establish voluntary incentive programsrestricted, improved land management and
to improve salmonid habitat and instream coverlivestock .grazing practices should be
along the Tuolumne River. implemented, and a riparian restoration program ¯

should be developed and implemented
PROGRAbIMATIC ACTION 1D: Purchase Restoration actions wi!l need to be consistent with
streambank conservation easements from willingflood control requirements. The importance of ¯
sellers, or establish voluntary incentive programsriparian restoration was identified by DFG
to improve salmonid habitat and instream cover(1993) and USFWS (1995).
along the Mereed River.

STR SSO  S !
RArlONaLF.: Many wildlife species, including
several species listedas threatened or endangered WATER DIVERSIONS ¯
under the State and federal Endangered Species ....
Acts (ESA) and several special-status plant IMPLEMENTATION OBJE~I’IVE: The
species in the Central Valley, depend on or are implementation objective is to reduce juvenile I
closely associated with riparian habitats. fish entrainment into water diversions. This will
Riparian habitats s~port a greater diversity of increase survival and population abundance to
wildlife species than all other habitat types in levels that contribute to overall Delta health and II
California Degradation and loss of riparian reduce conflicts with other beneficial land and 1habitat has substantially reduced the habitat area water uses.
available for associated wildlife species. Loss of
thishabitat reducedwaterstorage,nutrient TARGET 1: Reduce entrainment of fish and other l
cycling, andfoodweb support functions, aquatic organisms into diversions to a level that

will not impair salmon and steelhead restoration !Volume II: Ecosystem Restoration Program Plan
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by screening 50% of the water volume diverted inSacramento-San Joaquin basin to increase success

I the basin (,,~). of adult spawners and survival of juvenile
downstream migrants.

I>ROGRAMMATIC ACTION IA: Improve existing

I diversion screens on the lower Merced River. TARGET 1: Eliminate the loss of adult fall-run
chinook salmon that stray into the San Joaquin

PROGRAMMATIC ACTION 1B: Evaluate the River upstream of the Mereed River confluence
feasibility of installing state-of-the-art screens on(~4~).

I small pump agricultural diversions along the three
streams. PROGRAMMATIC ACTION 1A: Develop a

I cooperative program to eliminate blockage of
PROGRAMMATIC ACTION lC: Provide alternative upstream-migrating fall-run chinook salmon and
water sources to diverters who legally divert watersteelhead at temporary irrigation diversion dams
from spawning and rearing areas of the threeerected during the irrigation season.I streams. -

PROGRAMMATIC ACTION 1B: Continue annual
PROGRAMMATIC ACFION 1D: Purchase water installation of a temporary .weir on the San

i rights from willing sellers whose diversionsJoaquin River immediately of theupstream
entrain significant numbers of juvenile salmon orconfluence with the Mereed River to block adult
steelhead, salmon migration.

I RATIONALE: Five medium-sized gravity riparian PROGRAMMATIC ACTION 1C: Evaluate the need
diversions are located in the designated salmon to remove temporary diversion dams that block
spawning reach of the lower Merced River upstream salmon and steelhead passage into
between Crocker-Huffinan Dam and the State spawning grounds of three streams.
Route 59 bridge. Water-powered screens and

i nominal bypass systems were installed on two RATIONALE: In recent years, drainage practices
larger diversions in the mid-1980s. Gabion-type in western Merced County have increased
screens without bypass systems remain on the ~agricultural return flows from Salt and Mud

I other three diversions. In addition, DFG surveys Sloughs into the mainstem San Joaquin River.
have identified numerous small pump diversions These flows attract significant numbers of adult
throughout the basin, none of which are salmon into the sloughs and, subsequently, into
adequately screened to prevent juvenile salmon irrigation canals, where no suitable spawning
entrainment. Entrainment losses at these pump habitat is available (California Department of
diversions are unknown. Screening 50°~ of the Fish and Game 1993). In fall 1991, an estimated

i diverted water volmne at diversions with greatest 31% of the San Joaquin basin run strayed into
risk to juvenile salmon and steelhead, as westside canals. In the late 1980s, DFG
determined by monitoring, will help to define established an adult trapping station at Los Banos ..
further screening needs. Wildlife Refuge, where eggs were taken andI reared MPd-I. In 1992; DFG installedfall a

DA~S, RESERVOIRS~ WEIRS~ AND OTItER temporary electrical barrier across the mainstem
STRUCTURES San Joaquin River immediately upstream fiom the

confluence with the Merced River, which was
IMPLEMENTATION " OBJECTIVE: The highly effective in blocking fish passage into the
implementation objective for dams, reservoirs,westside irrigation canals. Since that time, a

’ ¯ weirs, and other structures is to increase thetemporary weir has been installed at the site
¯ connection of upstream spawning and rearingannually, which has also been effective in

habitat with-themainstemrivers in the blocking passage.

~ ~
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Temporary diversion dams are sometimes impairing population levels in relation to available
constructed in the river channel during the habitat.
irrigation season. Such structures may hinder
upstream salmon migration in the fall and early TARGET 1: Develop harvest management
winter, strategies that .allow the spawning population of

wild, naturally produced fish to attain levels that
PREDATION AND COMPETITION fully use .existing and restored habitat; focus

harvest on hatchery-produced fish (~.).
Ilvn’LF.I~mNTATION OI~IECTIVE: The
implementation objective for predation andPROGRAMIV~TI¢ ACTION 1A: Control illegal
competition is to reduce the loss of juvenileharvest through increased enforcement.
anadromous and resident fish and other aquatic
organisms from unnatural levels of predation toPROGRAbllVlATIC ACTION 1B: Develop harvest

- contribute to the restoration of important species,management plans with commercial and recrea-
tionalfisheryorganizations, resource management

TARGET 1: Reduce adverse effects of non,nativeagencies, and other stakeholders to meet target.
fish .species that have a significant effect on
juvenile salmon production in the dyers (¯). PROGRA~llVt~TIC ACTION 1 C: Reduce the harvest

of wild, naturally produced steelhead populations,
I~ROGRAMMATIC ACTION 1A: Eliminate gravel where necessary, by marking all hatchery-reared
pits within or eormected to the dyers, fish and instituting a selective fishery.

R~lIONAI~: Introduced warmwater fist~ such as PRO~RAlV~ TIC ACTION ID: Evaluate a marking
largeraouth andsmallmouth bass, prey on juvenile and selective fishery program for chinook salmon.
salmonids rearing in the lower Merced River.
Predation has been identified as a major factor 2~II"IONALE: Restoring and maintaining chinook
contributing to the poor survival of salmon smolts salmon and steelhead populations, as well as
emigrating from the river. Largepit areas created striped bass and white and green sturgeon, to
by inehannel gravel mining.are excellent habitat levels that fully take advantage of available
for warmwater ftst~ Implementing a predator habitat may require restrictions on harvest during
control program has been identified as a salmonid and even after the recovery period. Stakeholder
restoration action by USFIFS (1995). Habitat involvement should help to fairly balance
improvement actions described above should help available harvest allocation. Target population
to redueepredatorpopulations oflargemouthand levels may preclude existing harvest levels of
smallmouth bass. Other species of possible wild, naturally produced ftsl~ For populations
concern include striped bass, American shad, and supplemented with hatchery fish, selective
resident rainbow and brown trout. All potentially fisheries, mdy be necessary to limit the wild fish
occur in the three rivers, and all are known to harvest while hatchery fish are harvested to
feed on juvenile salmon and possibly steelhead. If reduce their potential to disrupt the genetic
any of these species becomes a problem, steps will integrity of wild populations.
be taken to reduce their effects.

ARTIFICIAL I~ROPAGATION t~F FISIt
IIARVEST OF FI$It ~ WILDLIFE

IMPLEMENTATION    OBJECTIVE:    The

IMPLEMENTATION OBJECTIVE: The implementation objective for artificial fish
implementation objective for harvest is to regulatepropagation is to reduce the potentially adverse
fish and wildlife harvest as necessary to avoideffects of stocking artificially produced fish

throughout Cenwal Valley rivers and streams.
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Reducing these effects would increase themaylimit the recovery and long-term maintenance
survival of naturally produced fish, contribute toof naturally producing salmon and steelhead
long-term restoration goals, and maintain thepopulations. Further    research    and
genetic diversity of naturally producing chinookexperimentation are necessary to determine how
salmon and steelhead populations, this issue is addressed. Long-term ~ hatchery

augmentation of healthy wild stocks may
TARGET 1: Minimize the likelihood that hatchery-genetically undermine that stock and threaten the
reared salmon and steelhead could stray intogenetic integrity ofother stocks.
adjacent non=natal dyers and streams to protect
naturally produced salmon and steelhead (~OO).Adult swaying into non-nata! streams might result

in interbreeding with a wild population
PROGRAMMATIC ACTION 1A: Cooperatively specifically adapted to that watershed and thus
evaluate the benefits of limiting stocking oflead to the loss of genetic integrity in the wild
lVlRH-reared salmon and steeihead to the Mereedpopulation. Releasing hatchery-reared fish into
River. the San Joaquin River and its tributaries, other
- than the Merced River, could compromise the
TARGET2: Employ methods to limit straying andgenetic integrity of wild salmon and steelhead
loss of genetic integrity of wild and hatchery-populations.
supported stocks (~).

LANV USE
PROGRAMMATIC ACTION 2A: R~ar hatchery
salmon and steelhead in hatcheries-on natal~ IMPLEMENTATION OBJECTIVE: The
streamsto limit straying, implementation objective for land use is to

promote rangeland management practices and
PROGRAMMATIC ACTION2B: Limit stocking of livestock stocking levels that maintain high-
salmon and steelhead fry and smolts to natalquality habitat conditions for wildlife, aquatic, ~
watersheds to minimize straying that mayand plant communities; protect special,status
compromise the genetic integrity of naturallyplants; protect riparian vegetation; maintain SRA
producing populations.. , habitat; and prevent bank erosion.

RATIONALE: In Watersheds like the San Joaquin TARGET 1: Reduce sediment erosion into streams
basin, where dams and habitat degradation have ( ~ ).
limited natural spawning, some hatchery
supplementation may necessary to. sustain PROGRAMMATIC ACTION 1A: Develop abe
fishery harvest at farmer levels and to maintain a cooperative program to protect existing riparian
wild or natural spawning population during habitat and improve degraded habitats, where
adverse conditions, such as droughts. However, land actions.possible,through
hatchery augmentation should be limited so it ...
does not inhibit recovery and maintenance of wi!d ffROGRAMMATIC ACTION 1B: Cooperatively
populations. Hatchery-reared salmon and evaluate the feasibility of constructing sediment
steelhead might directly compete with andprey on ¯ retention basins to reduce fine sediment input.
wild salmon and steelhead. Straying of adult
hatchery fish into non-natal watersheds might PROGRAMMATIC ACTION IC: Encourage
also threaten the genetic integrity of wild stocks, improved land management and livestock grazing
Hatchery fish might also threaten the genetic practices along stream/riparian zones to reduce
makeup of stocks in natal rivers. Some general streambank erosion and sediment input.
scientific information and thebry from other river
systems indicate that hatchery supplementation
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RATIONALE: Land use and livestock grazing run size in these sr :~ms. Improved spring flow
practices used adjacent to the lower rivers have ~ events in dry and
increased streambank erosion and fine sediment young chinook sair~on downstream to the Bay-
input to the streams over historical levels. Fine Delta and ocean and improve river and Bay-Delta
sediments accuraulate in salmonid spawning foodweb production. Improved fall and winter
gravel and reduce habitat quality. USFWS (1995) base flow~ will attract adult spawners to the
recommended constructing sediment retention rivers and improve young salmon production
basins to reduce fine sediment input. DFG (1993) through higher egg and fry survival rates. Lower
and USFWS (1995) recommend improved land water temperatures will reduce stress and
management and livestock grazing practices to mortality of adult fall-run chinook salmon in the
reduce streambank erosion and fine sediment fall. Increased gravel recruitment below the dams
input, will provide needed spawning beds for fall-run

chinook salmon. Improved and restored riparian
SPECIES SRA, stream meander corridor, and Floodplain

wetland habitats will help to increase juvenile
CHINOOK SALMtN chinook salmon survival by providing needed

habitat and f_ood supply. Installing state-of-the-art

IMPLEMENTATION OBJECTIVE: The screens on unscreened and poorly screened

implementation objective in the East San Joaquindiversions will increase young salmonproductiort

Basin Ecological Zone for chinook salmon is toReducing wild chinook salmon harvest, at least in

contribute to San Joaquin fall-run c~.,Lnook salmonthe short term, will help protect and restore wild

restoration to support sport and viabiie corarnereialspring-run and fall-run populations in all zone

fisheries, streams. Further habitat improvementsand
stressor reduction in the Bay and Delta will also

TARGET: Maintain the average cohortincrease the numbers of juvenile salmon that

replacement rate Of fall-run ehincok salmon abovesuccessfully reach the ocean and return to zone

1.0 while the stocks are rebuilding. Then maintainstreams. The combined actions will substantially

a replacement rate equal to or greater than 1.0improve wildfalI-run chinook salmon stocks in
the Stanislaus, Tuolumne, and Merced Rivers.when the stocks reach restoration goal levels set

by the regulatory agencies (~).                                STEELttEAD

PROG~TIC ACTIONS: Fall-run chinook
salmon will directly benefit from actions in thisIMPLEMENTATION OBJECTIVE: The
zone to improve stre~tqow, maintain lower waterimplementation objective for steelhead trout is to
temperatures, ine~;:~: gravel recruitment,achieve naturally spawning populations" of
improve riparian and ~oodplain habitats, reducesufficient size to support inland recreational

losses at unscreened or poorly screenedfishing and fully use existing and restored habitat
diversions, reduce harvest, and improve fishareas.Meeting this objective would contribute to
passage. Additional programmatic actions thatoverall species richness and diversity and reduce

conflict between the need for its protection andwillconlributetothechinooksalmonrestoration
in East San Joaquin Basin Ecological Zone areother beneficial water uses in the.Bay-Delta.
proposed for the Sacramento-San Joaquin Delta
and Suisun Marsh/North San Francisco BayTARGET: Maintain the average cohort
Ecological Zones. replaeernent rate of steelhead above.l.0 while the

stoe[~ is rebuilding. Then maintain a replacement
I~ITIONALE: The combined actions proposed for rate equal to or greater than 1.0 when the stock

the Stanislaus, Tuolumne, and Merced Rivers reaches restoration goal levels, set by the

should increase chino~.~: salmon production and regulatory agencies (~).

~ ~
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PROGRAMMATIC ACTIONS: Evaluate steelhead each river. Further habitat improvements and
abundance and distribution in the East San.stressor reduction in the Bay and Delta will also
Joaquin Basin Ecological Zone, and evaluate theincrease the numbers of juvenile steelhead that
feasibility of managing or restoring steelheadsuccessfully reach the ocean and return to zone
populations, streams. The combined actions will substantially

improve wild steelhead stocks in the Stanislaus,
RATIONALE." Steelhead use of the streams in this Tuolumne, and Merced Rivers.
ecological zone is uncertain. Inmany years, a
few are captured at GL~ GARTER SNAKE AND WESTERNadult sleelhead the Merced
River Hatchery. The origin of these fish is POND TURTLE
unknown. In addition, there is a resident
population ofrainbow trout present year round IMPLEMENTATION OB~CT!VE: Assist in thein
the Stanislaus River below Goodwin Dan~ The recovery of the giant garter snake, a, federally
genetic relationship of this resident population to listed threatened species. Meeting this objective
steelhead trout is unknown and needs to be dclmess andwouldcontributetospecies diversity
examined, and reduce conflict between the need for their

protection and other beneficial uses of" land and
Although there is no information on run timing or water in the Bay-Delta.
lift history of steelhead in the Fast San Joaquin
Basin Ecological Zone, 66 steelhead were TARG£T: Restore wetland habitat throughout the
observed at the Dennet Dam site on the Tuolurane East San Joaquin Basin Ecological Zone (~.).
River in 1940 which indicates this stock was
comprised of winter steelhead. PROGRAMMATIC ACTIONS-" Enhance existing

poor habitats and restore new habitats in historical
If steelhead are included as a restorable species wetlands.(Refer to targets and programmatic
in this zone, the combined actions proposed for actions for riparian and riverine aquatic habitat.)
the Stanislaus, Tuolumne, and Merced Rivers RAIIONAI.E: Restoration of the gitmt garter snake
should increase steelhead production and run size and western pond turtle will come indirectly from
in these rivers.Improved springflow events in dry restoration of wetland areas and marshes in areas
and normal years will help transport young where remnant habitats and populations now
steelhead downstream to the Bay-Delta and ocean exist.
and attract adult steelhead migrating upstrearr~
Higher fall and winter base flows will improve SWAINSON’S HAWK

and smolt survival. Loweregg, fry, water

temperatures will reduce juvenile steelhead stress IM£LEbIENTATION OIklECTIVE: Assist in the
and mortality that over-summer below the dams. recovery of this State-listed threatened species.

Recovery of Swainson’s hawk would contribute toIncreasedgravel recruitment below dams
provide needed spawning habitat immediately species richness and diversity and reduce conflict .
below dams that block gravel recruitment to the between the need for its protection and other

beneficial uses of land and water in the Bay-Delta.lower rivers. Improving restoringriparian,
SRA, stream meander corridor, and floodplain
wetland habitats will help to increase steelhead TARGET: Restore nesting density, improve
survival by providing needed habitat and food and increase forest andforaginghabitat, riparian
supply. Installing state-of-the-art screens on oak woodlands (~).
unscreened and poorly screened diversions will
increase young steelhead productior~ Reducing PROGRAMMATIC ACTIONS: Restoge riparian
wild steelhbad harvest, at least in the short term, woodlands and improve wildlife habitat Values on
will help proteet and restore wild populations in agricultural lands. (Note: Please refer to the
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implementation objective, targets, and other beneficial uses of land and water in the Bay-
programmatic actions for restoration of riparian Delta.
andriverineaquatic habitat.)

TARGET 1: Protect existing large patches and
RATIONALE: Because Swainson’s hawks are . restore suitable mature, dense willow-cottonwood
migratory.birds and dependent on many factors riparian forests used by nesting cuckoos (.~).
outside the Delta, improvement of habitat,
especially breeding habitat, is an important piece PROGRAM~4ATIC ACTION 1A: The primary focus
of their recovery. Restoring riparian forest area for restoration ofthe yellow-billed cuckoo is
habitat will provide breeding habitat, and the Delta. No actions in the East San Joaquin
improving wildlife habitat on agricultural lands .Ecological Zone have been designed specifically
will provide the necessary foraging habitat for to restore yellow-billed cuckoos or their habitat.
breeding hawks. However, this species will directly benefit from

actions in this zone to increase the areal extent
GREATER SANDHILL CRANE and distribution of riparian and riverine aquatic

- habitats (see implementation objective, targets,
IMI~LEMENTATION OBJECTIVE-" Assist in the and programmatic actions that address riparian
recovery of this State-listed threatened species,and riverine aquatic habitat)..
Recovery of the greater sandhill crane would
contribute to species richness and diversity andRATIONAl.E: Yellow-billed cuckoos inhabit
reduce conflict between the need for theirextensive deciduous riparian thickets or forests
protection and other beneficial uses of land andwith dense, low-level or understoryfoliage that
water in the Bay-Delta. abutsrivers, backwaters, or seeps. Overall, the

decline of the cuckoo has resulted from the lossof
TARGET: Establish suitable r~osting habitat areas;dense riparian habitat along the lower floodplains
enhance foraging habitat on agricultural lands;of larger streams, including those found within
and restore seasonally wetlands in the East Santhe Sacramento-San Joaquin Delta- Conversion of
JoaquinEcologicalZone(~). land to agriecdture, urbanization, and flood

control projects ha~e caused the loss of habitat.
PROGRAMMATIC ACTIONS: Restoring emergent
wetland,seasonal wetlands, and agricultural The Caswell Memorial State Park was the last
foraging habitat would indirectly benefit theSan Joaquin Valley nesting site for the cuckoo
greater sandhill crane population, and this species is apparently not found in the San

Joaquin Valley at this time. The yellow-billed
RA710NALE: Restoring large areas of freshwater cuckoo is listed as endangered by the State of
marshes and perennial grasslands adjacent to California. This listing charges the state with the
agricultural lands with enhanced foraging value responsibility to conserve, protect, restore, and
for cranes will help their recovery, enhance the species as well as to acquire lands

f~r its habitat.
WV.STER~YELLOW-BILLED CUCKOO

Rebuilding the yellow-billed cuckoo population to
IMPLEMENTATION OBJECTIVE: The implemen- a healthy state will require a coordinated
tation objective for the western yellow-billed approach to restoring ecosystem processes and
cuckoo is to assist in the recovery of this state-functions, restoring habitat,, and reducing or
listed endangered species. Recovery of theeliminating stressors. Within the broad context of
western yellow-billed cuckoo would contribute to ecosystem restoration, restoration of the cuckoo
overall species richness and diversity and reducepopulations will include a wide variety of efforts,
conflict between the need for its protection andmany of which are being implemented for other

Volume 11: Ecosystem Restoration Program Plan
East San 3oaquin Basin Ecological Zone Vision

Draft: March 1998
43#

C--007056



ecologicalpurposes or which are nonspec~c to with cover for protection from floods. Existing
the cuckoo. For example, restoration of riparian ~ flood control levees adjacent to the Park could be
woodlands along the Sacramento River will focus utilized for this escape habitat in this area to
on natural stream meander, flow, and natural provide sufficient vegetative growth of grasses,
revegetational/successionalprocess. These will be forbs, and shrubs to lower predation pressure
extremely important to providing shaded riverine during these times~
aquatic habitat, woody debris, and other habitat
values that contribute to the health of yellow- PROGRAMMATIC ACTION 1E: Provide fire breaks

populations. Many similar actions current expanded habitat to protectbilledcuc~’~oo around and

are proposed for the streams in this ecological habitat destruction due to wildfire and control
zone. feral cat and dog population with yearly control

efforts within and to the Park. Prohibitadjacent
RIPARIAN BRUSH RABBIT dogs within Caswell Memorial State Park.

IMPLEMENTATION OBJECTIVE: Restore the J~ITIONALE: The remaining population of
dN’tn’bution and abundance of the riparian brushriparian brush rabbit is restricted to remnant San
rabbit to levels that will help assist in itsdoaquin Valley riparian forests with dense brushy
recovery, understory. Unlike other rabbits, the riparian

brush rabbit occupies riparian forests that have
TARGET 1: Increase the population of riparianan ample brushy nnderstory within natural
brush rabbits over current estimates so that afloodplains. These floodplain riparian forests
census of the riparian brush rabbit populationmust be attached to suitable upland areas for
would be two times higher than the 1993 estimatecover and retreat from annual floods.
of 210 to 310 individuals (~.). Historically, this species" habitat was throughout

the floodplain on the valley floor in northern San
PROGRAMMATIC ACTION 1A: Reestablish large Joaquin Valley, including the Delta, but the
contiguous areas of riparian forest habitat thatoriginal forest and floodplain have been
have deme brushy understories with adjacentreclaimed, cleared, altered, and degraded.
upland habitat. These restored/reestablished
riparian forests would have adjacent uplandThe renmant population of riparian brush rabbit
habitat with sufficient cover. Maintain andis nowrestrictedto 260 acres of r.emaining native "
establish connectivity between key habitats, riparian forest along the Stanislaus River in

Caswell Memorial State Park in southern San
PROGRAMMATIC ACTION 1B: Protffbit ground doaquin County in East San doaquin Basinthe

cover and litter removal to allow for denseEcological Zone. It is considered the most
brushy and herbaceous areas of a minimum sizesensitive mammal in California because of its
of 550 square yards within the riparian forest. susceptibilityto floods, re, disease,predation,

disturbance, and flood control activities. The
PROGRAMMATIC ACTION lC: More closely large-scale loss of riparian forest has resulted in

the natural over a 99°,~ decline in the riparian brush rabbitapproximate hydrologicalr~gime

which allows for establishment and maintenancepopulation from historical levels. A population
of mature riparian forest habitat. Additionally, census of the conducted during January 1993,
encourage growth rose, coyote found that the current population size ranges fromof wild bush,
blackberries, elderberries, wild grape, box elder, about 210 to 310 individuals.
valley oak, and cottonwoods to provide habitat.

Overall, the decline of the brush rabbitriparian
PROGRAMMATIC ACTION 1D: Provide high was caused by the destruction, fragmentation, arm

ground adjacent to current and expanded habitatdegradation of the San doaquin Valley native
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1
riparian forest habitat. Less than 6~A of the TARGET: Improve populations and distribution of
original habitat remains. Remaining suitable ~shorebirds and wading birds (~). Ill
habitat is so severely fragmented that the rabbit
has no means of naturally dispersing to other PROGRAMMATIC ACTIONS: Shorebirds and
areas and establishing additional populations, wading birds will indirectly benefit from I
Because the remaining riparian brush rabbit restoration ofwetlands and other aquatic habitats
population occurs within one small area, any of (ponds and lakes).
the following events threaten the remaining 1
population: RA1"IONALE: Restoring large areas of freshwater

marshes and adjacent ponds and lakes will
¯ Caswell Memorial State Park is subject to provide feeding and nesting habitat for many

periodic flooding that often inundates the species of shorebirds and wading birds.
entire area. Withou~ adequate cover on
adjacent upland areas, the rabbits become WATERFOWL I1
easy targets for both native and non-native
Tredators. IM~’LEMENTATION O~a’EL’TWI~: Maintain and

restore the distribution and abundance, of
t~ The n~rmal buildup of downed logs, dried waterfowl to contribute to species richness and 1

vegetation, and ground litter in the riparian diversity and reduce conflict between the need for
forest increases the potential severity of their protection and otberbeneficial uses of water
wi~fires. Although this type of habitat is in the Bay-Delta. 1
preferred and typically occupied by~ the
riparian brush rabbit, any wildfire occurring TARGET: Improve populations and distribution of
within the remaining habitat could cause waterfowl (~). 1
direct mortality as well as massive habitat
destruction. . PROGRAMMATIC ACTIONS: Waterfowl wil!

indirectly benefit from restoration of marshes, 1
¯ Human activities have modified the habitat, riparian, and other aquatic habitats.

The modified habitat has "’selected" against
the riparian brush rabbit and for the desert ’ RArIONAI~: Restoring large areas of riparian
cottontail. The desert cottontail presents two habitat freshwater marshes, and adjacent ponds
threats: one from competition and the other and lakes will provide feeding and nesting habitat
from diseases common to rabbits and carried for many species of waterfowl. 1
by the species. These diseases are typically
contagious and fatal; any disease becomes NEOTROPICAL MIGRATORY Br~s:
epidemic in this small and restricted 1
population, of rabbits. ]MI~LEMFd~ATION OBJECTIVe: Maintain healthy

populatii~ns in order to contribute to overall
SHOREBIRDS AND WADING BIRDS " species richness and diversity and reduce conflict ¯

between the need for their protection and other 1
L~LElVm~ATION OB,mCTIVE: Maintain and beneficial uses of land and water in the Bay-Delta.
restore the distribution and abundance of 1
shorebirds and wading birds to contribute toTARGE"r: Increase the abtmdanee and distn’bution
species richness and diversity and reduce conflictof neotropieal migratory birds in the Cenlral
between the need for their protection and other. Valley (~). 1
beneficial uses of water in the Bay-Delta.

1
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PROGRAMMATIC ACTIONS: The following types objectives for the western yellow-billed cuckoo
of general programmatic actions will assist ha.and Swainson’s hawk will also help achieve the
meeting the target for neotropical migratory birds:implementation objectives for other neotropical
¯ increase wetland, riparian, grassland, andmigratory birds as well.

agricultural habitats,
¯ improve watershed health, References Used to Develop the
¯ improve specific nesting habitats for

individual species within their existing and Visioll for the East San
restored habitats, and Joaquin Basin Ecological Zone

¯ protect nesting habitats from predators and
human disturbance. California Department of Fish and Game. 1992.

Interim actions to reasonably protect San
Ral’IONaZ~: The neotropical migrafory bird Joaquin fall-run chinook salmon. (WRINT-
guild comprises bird species that breed in North DFG Exhibit 25.) Sacramento, CA. Prepared

for the Water Rights Phase ofthe State WaterAmerica winter in Central .and South
Americc~    Representative species of the Resources Control Board Bay-Delta Hearing
neotropical migratory bird guild are the western Proceedings. June.
kingbird, western wood-pewee, tree swallow, cliff
swallow, northern oriole, Wilson’s warbler, and 1993. Restoring Central Valley
yellow-breasted chat. Individual visions are streams: a plan for action. November.
developed for some neotropical migrants, such as Sacramento, CA.
the Swainson’s hawk and yellow-billed cuckoo,
and those visions contain more specific targets 1996. Steelhead restoration and
relating to those species. All species of the management plan for California. February
neotropical migratory bird guild depend on the 1996.
flora of California to forage and reproduce,
typically from about May until September. The Central Valley Habitat Joint Venture. 1990.
birds normally spend the rest of the year in Central Valley Habitat Joint Venatre
Central andSouthAmeric¢~ Implementation Plan, a component of the

North American Waterfowl Management
Neotropical birds occur the Californiathroughout Plan.February1990.
and are associated with most of California’s
habitat types, including forested woodlands, Kondolf, G. M., J. C. Vick, and T. M. Ramirez.
riparian and montane habitats, 1996. Salmon spawning habitat rehabilitationriparian
unforested lowlands, grasslands, shrub habitats, in the Mereed, Tuolunme, and Stanislaus

valley foothill hardwood, valley foothill Rivers, California: an evaluation of project

hardwood-conifer, and wetlands. Population planning and performance. (University of
California Water Resources Center .Report

levels of marry of these species has declined,
No. 90.) Centers for Water and Wildland "°’

primarily as a result of the loss and degradation Resources. University of California, Davis.
"of habitats on .which they depend, both in Davis,CA.
California and on their Central and South
American wintering areas. In California, the U.S. Fish and Wildlife Service. 1993. The
quality and quantity of important neotropical between instream flowrelationship
migrant bird habitats have been substantially physical habitat availability for chinook
reduced pr~ax~rily by their conversion to salmon in the Stanislaus River, California.
agricultural, industrial, and urban uses, and land. Region 1. Sacramento, CA.
use practices that degrade the values provided by
these habitats. Achieving the implementation
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1̄995. Working paper on restoration
needs: habitat restoration actions to double
natural production of anadromous fish in the
Central Valley of California. May 9.
Anadromous Fish Restoration Program Core
Group. Stockton, CA.

1997. Revised draft restoration
plan for the anadromous fish restoration
program: a plan to increase natural production
of anadromous fish in the Centra! Valley of
California. May 30, 1997.

_ I
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I WEST SAN JoAQUIN BASIN ECOLOGICAL ZONE

INTRODUCTION

The West San Joaquin Basin Ecological Zone
includes the eastern of the Coast andslope Range
portions of the southwestern Central Valley. The
zone is bounded on the north by the southern and
western boundaries of the Sacramento-San
Joaquin Delta Ecological Zone, on the east by the
west bank of the San Joaquin River from the
Stanislaus River to Mendota Pool, on the south by
Panoche Creek, and on the west by the west slope
of the Interior Coast Range (Figure 19). The
West San Joaquin Basin Ecological Zone can
indirectly contribute to the health of the Bay-
Delta by providing much needed habitat for DESCRIPTION OF THE ZONE
California red-legged from, neotropical migrant
birds, and waterfowl. Included in this ecologicalThe West San Joaquin Valley ecological zone has
zone is the area between Orestimba Creek and Lostwo distinct geomorphological (landform) areas:
Banos, a region which supports a number ofthe hilly west-side add watersheds and the valley
federal and state-listed species, including the Sanfloodplain on the eastern side adjacent to the San
Joaquin kit fox and blunt-nosed leopard lizard.Joaquin River. The Delta-Mendota Canal of the
About 33% of the remaining wetland acres in theCentral Valley Project (CVP) and the California
Central Valley are clustered between Merced andAqueduct of the State Water Project (SWP) are
Los Banos along the San Joaquin River. This isdominant features of the zone from north to south,
the largestcontiguousblockofremainingwetlandseparating the hills from the valley. All
habitat and associated upland communities, watersheds in this zone flow east toward the San

Joaquin River. Restoration efforts associated with
Although the overall vision for this ecologicalthe San Joaquin River corridor are addressed in
zone is directed by its ability to contribute to thethe section on the San Joaquin River.
ecological health of the Sacramento-San Joaquin
Delta, there exist many oppommities to buildThe zone has a Mediterranean climate. The
upon the CALFED vision to provide many northwestern portion of the zone is adjacent to the
additional landscape ecological benefits in theDelta, where the rain shadow effect and fog still
region. For example, CALFED actions couldhave some influence. Within the rest of the zone~
contribute, in part, to a long-term goal ofsummers are hotter and longer winters are colder,
providing a continuous band of connectiveand rainfall averages are lower. The southern and
habitats(riparian, wetland, vernal pool, grassland,eastern portiun ofthe zone is best described as an
and other upland habitats) joining the Sierraagricultural belt with large blocks of seasonally

¯ (Yosemite l~Iational Park) with grassland andmanaged wetlands on both public and privately
vernal pool complexes on the east side of the.managed lands in the Grasslands Subare& While
valley some other habitats exist in the Grasslands

Subarea, they are extremely narrow, fragmented,
and widely scattered. Habitats that do remain
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I

include grasslands, seasonal wetlands, andBiological resources in this ecozone include the
I

riparian woodlands. The grasslands have been, San Joaquin kit fox, San Joaquin antelope
reduced to narrow strips within the fights-0f-waysquirrel, kangaroo rats, neotropieaI migrant birds, 1along the Califomia Aqueduct and Delta-MendotaCalifornia red-legged frog, foothill yellow-legged
Canal; other grasslands persist in scattered cattlefrog, waterfowl, upland game, pond turtles, ’
ranches. Low quality seasonal wetlands can besycamore alluvial woodlands, vernal pools, as 1
found as small clumps of vegetation that persist inwell as many other native plants and wildlife
drainages and sumps associated with thefound in the several habitat types. Some unique
Aqueduct and Canal. In addition, remnant ripariananimal and plant communities are found in some ¯
areas ean be found along some drainages andequally uniquehabitats, such as the vernal pool-
tributaries associated with the Aqueduct andhogwallow grassland found on the Flying M ’
Canal. ¯ . " Ranch in Mereed County. !
The northern and western portions of the zone areImportant ecological processes essential to
best characterized as rolling hills of the coastalmaintaining and restoring a healthy West San
mountain range. The upper third is still within theJoaquin Basin Ecological Zone are floodplain,
influence of weather patterns associated with thestream, and. watershed processes, including stream
Carquinez Strait. Fog and moisture from the rainflow, overbank flooding, floodplain inundation,
shadow effect separates this area from thesedimentation and erosion, and fire. Fire is
southern two-~ of the unit, where the climateimportant for maintaining, or altering grassland
is more Mediterranean. While the northern areaand shrubland health through fuel reduction and ¯
receives greater rainfall and moisture, the habitatsplant succession and reproduction. Streamflow in
found in the north and south are relatively similar,this arid zone, despite being intermittent and
The dominant type is grassland, managed as cattleprone to flash flooding, is an essential determinant
pastures. Savannas (grasslands with fewtrees) areof habitat, as well as species distribution and
common on the hills as the slopes stretch out ofabundance. Floodplain and stream channel
the Valley, while woodlands are prevalent alongprocesses are essential for dissipating the forces
the creeks and their watersheds. Patches ofof flood flows and distributirig sediments carried |
seasonal wetlands can also be found along someby them.
creeks.

Though many of the streams along the west side
The Orestimba Creek and Los Banes Creekof the San Joaquin Valley are naturally
drainages are excellent examples of relativelyintermittent, maintaining natural winter and spring
undisturbed, natural, coast range watersheds,flows in the streams is important for maintaining 1
While the grasses have become predominatelyfloodplain processes, such as meander belts; and
annuals (before European influence, these’ stream channel configurations, as well as riparian
grasslands were dominated by perennial grassand wetland, habitats. Streamflows have been Ispecies), they still flourish and lead into woodedmodified by water diversions, subsidence
areas, at the higher elevations" and riparian(lowering) in groundwater tables, and watershed
woodlands along the creeks. There are two veryactivities, such as grazing, road building, forest
significant stands of Sycamore . Alluvialmanagement, and agriculture.
Woodlands that compose morethan one-third of
all remaining acreage of this habitat type withinIn’ addition to changes in streamflow, floodplain
the Central Valley. Most of the landscape isprocesses have been altered by floodplain
roli:,~g hills of the coastal range, with grasslandsdevelopment, including flood control levees,
in t,ae," lower elevations and woodlands higher up.gravel mining, and other land uses.
The geomorphology of these watersheds has
remained relatively unchanged.
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The West San Joaquin Basin Ecological Zone hasthreatened or endangered). Coastal scrub, and
many habitat types including: chaparral provide habitat for a variety of wildIife.

Numerous rodents inhabit chaparral; deer and
¯ agriculture: the hills and lowlands of theother herbivores often make extensive use of this

valley that support crops, habitat type, which provides critical summer
range foraging, areas, escape cover, and fawning

¯ wetlands: the lowlands of the valley that arehabitat. Many birds, such as quail, fuIfilI a variety
permanently or seasonally watered, of their habitat needs in the chaparral, such as

foraging needs (seeds, fruits, insects), protection
¯ coastal scrub: a low growing shrubby cover from predators and climate, as .well as singing,

on the coastal hills, roosting, and nesting sites.

¯ chaparral: dense shrubs found growingThe oak woodland and savanna habitats are home
above the coastal scrub community, to as many as 29 species of amphibians

(salamanders) and reptiles, 79 bird species, and
¯ oak woodland: almost park-like sites with 22 mammal species. Seasonal wetlan~ls provide

trees and shrubs in fairly open stands With ahabitat for many species, such as waterfowl, pond
rich of and other herbaceous turtles, salamanders, as wellendemic (adaptedcarpet grass
growth, to aparticular locality) plants. Grassland habitat,

as well as some of the special habitat features,
¯ oak savanna: ~the transitional communitysuch as cliffs, caves, and ponds found Within

between the woodlands of the hills and thegrasslands, are used by many species, including
grasslands of the broad valleys, where thetiger salamanders. Some of the more add
trees are fewer in number and more widelygrassland species are listed as threatened or
spaced than those of the woddlands, endangered. The riparian habitats provide food;

water, migration and dispersal corridors; and
¯ grassland: areas that stand below the hillsideescape, nesting, and thermal cover for wildlife. As

wooded areas, and are green and littered withmany as 147 bird species, nesters, or winter
-Wildflowers in the spring followed by-the visitants, as well as 55 species of mammals, are
gold of summer as the annual and perennialknown to use this habitat type within this
grasses go dormant during the dry season, ecological zone.

¯ riparian forest: a continuum of plantSloughs and ponds within and adjacent to
communities folloWing the topographic linewetlands in the San Joaquin Valley are important
from the stream channel through the low andhabitat for waterfowl, as well ~ many plant and
high terrace deposits of the floodplain;wildlife species. They include many rare or
transition ~ nonriparian is usually abrupt,declining species that have special status, such as
especially near agriculture; and being listed under the State or federal Endangered̄ -

Species Acts (ESA).
¯ seasonal wetlands: areas Within the

grasslands and along the tributaries andMarshes, once the most widespread habitat in the
drainages that remain inundated with waterSan Joaquin Valley floodplain, are now restricted
for after the rains and high to remnant patches. There have been extensivevaryingperiods
flows havesubsided, fresh emergent wetland habitat losses to

agdcu!tural development. Most of the remaining
These habitats are used by a wide variety of fish,wetlands lack adjacent upland transition habitat
wildlife, and plants, including many listed speciesand other attributes of fully functioning wetlands
(i.e., species identified by resource agencies asbecause of agricultural practices. Emergent
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wetland habitat provides important habitat forThe lower value riparian habitat is frequently
many species of plants, waterfowl, and wildlife,mowed, disced, or sprayed with herbicides,
In addition, wetlands contribute important plantresulting in a sparse habitat structure with low
detritus and nutrient recycling to the aquaticdiversity. Riparian habitat along intermittent
foodweb of the San Joaquin River and Bay-Deltastreams is lost to excessive erosion and livestock
estuary, as well as important habitat to some,grazing. Riparian habitat is used by more wildlife
species of fish and aquatic invertebrates, than any other habitat type. From about 1850 to

the turn of the century, most of the riparian forests
Seasonal wetlands include portions of thein the Central Valley were decimated for
floodplain that seasonally flood, usually in winterfuelwood as a result of the gold rush, river
and spring, especially in high flow years. Most ofnavigation, and agricultural clearing. Remnant
this habitat is located in the valley floor adjacentpatches are found on levees, along stream
to the San Joaquin River and nearby perennialchannels, and along the margins of marshes.
wetlands. Such habitats were once very abundantRiparian habitats and their adjacent SPA habitat
duringthe winter rainy season or after seasonalbenefit fish and wildlife species. ¯
flooding. With reclamation (draining wetlands for
other uses), flooding occurs primarily fromAgricultural_habitats also support populations of
accumulation of rainwater behind levees, directedsmall animals, such as rodents, reptiles, and
overflow of flood waters to bypasses, or flooding amphibians, and provide opportunities for
leveed lands (e.g., managed wetlands). Seasonalforaging raptors (soaring birds of prey).
wetlands are important habitat to many species ofNonflooded fields and pastures are also habitat for
fmh, waterfowl, shorebirds, and other wildlife, pheasants, quail, and doves. The marshes along

the Valley floor support a variety of wintering and
Upland habitats are found on the outer edges ofbreeding raptors. Preferred habitat consists of tall
valley wetlands and consist primarily oftrees for nesting and perching near open
grasslands and remnant oak woodland and oakagricultural fields, which support small rodents
savanna. Of these, perennial grasslands are anand insects for prey. Both pasture land and alfalfa
important transition habitat for many wildlifefields support abundant rodent populations. The
species. They act as buffers to protect wetland andSwainson’s hawk, a raptor species listed by the
riparian habitats. Much of the grassland habita~State as threatened, breeds and occasionally
associated with wetland and riparian habitat haswinters in the Central Valley.
been lost to agriculture (e.g., pasture, grain,
vineyards, and orchards) and development (e.g.,Stressors to ecological processes, habitats, and
home construction, golf courses). Grasslandsspecies within this zone include land uses, such as
provide habitat for many plant and animal species,urban and industrial development; water

diversions; land reclamation; water conveyance
Riparian habitat, both forest and shrub, is foundstructures; livestock grazing; exotic (non-native)
on the water and land side of levees and alongspecies; gravel mining; contaminants; wildfire,
stream channels of the zone. This habitat ranges inlevees; bank protection; stream channelization;
value from disturbed (i.e., sparse, low value) toirrigation canals; and agricultural practices. These
relatively undisturbed (i.e., dense, diverse, highstressors have contributed to a change in native
value). The highest value riparian habitat has aplant communities, fragmentation of riparian
dense and diverse canopy structure with abundanthabitats, and interrupted migration corridors for
leaf and invertebrate biomass. The canopy andspecies, such as the State and federally listed San
largewoody debris in adjacent aquatic habitatJoaquin kit fox. Streamflows patterns and natural
provide shaded riverine aquatic (SRA) habitat onstream meandering have been altered by many of
which many important fish and wildlife speciesthese stressors.
depend during some portion of their life cycles.
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I
There are increased amounts and concentrations      , upland, and agricultural habitats to replenish their

i of contaminants in the San Joaquin River. ~ energy reserves.
Agricultural drainage and associated contaminants
that originate in the West San ~loaquin Basin VISION FOR THE ECOLOGICAL
Ecological Zone, or are transported to this

I ecological zone agricultural to ZONEfrom lands the
south in the Westlands Subarea, are a significan’t
source of contaminants reaching the Bay-Delta.The vision for the West San Joaquin Basin

I Ecological Zone includes improved water quantity
- Other stressors include dams, reservoirs, and otherand quality from the basin to wetlands and the San

humanmade structures. They have furtherJoaquin River. The vision also includes a range of

I contrib~ed to habitat fragmentation and are,sustainable aquatic, wetland, riparian, and upland
barriers to wildlife movement and dispersal, habitats that support abundant natural production

of resident fish and wildlife, as well as waterfowl

I Water diversions from streams and adjacentand other migrant birds that use the Pacific
marshes divert streamflow that is important toFlyway each winter. The visionincludes enlarging
habitat and species of the zone. Diverted water isremaining native habitats and connecting those

’1
used primarily locally, areas.

Toxins continue to enter the streams and adjacentThe vision focuses on improving watershed,

I marshes in large amounts from municipal,stream .channel, and floodplain processes. The
industrial, and agricultural discharges. The toxinsresult would be increased seasonal flows of
have had a demonstrated effect on the health,quality water to the San Joaquin River" and area

I survival, and reproduction ofwaterfowl~ fish, andwetlands and reduced input of agricultural waste
wildlife, runoff and associated contaminants into zone

watersheds and wetlands and the San ~Ioaquin

i The riparian zones ~of west San Joaquin ValleyRiver. Improved quality and quantiW of water for
streams are typical habitat of the California red-publicly and privately managed wetlands will
legged frog. Loss of riparian and adjacent uplandreduce stresses on waterfowl populations.
habitats have led to declining frog populations inImproved water quality and quantity in the SanI this and elsewhere in the Central River will benefit fishValley.zone Joaquin directly and

Non-native predatory fish, such as largemouthwildlife of the San ~Ioaquin River and the Bay-
bass in Central Valley ponds have alsoDelt~

I contributed to the decline of the frog.
The ERPP will focus on habitat restoration and

Neotropical migratory birds depend on thewater quality improvements in the southern and

I riparian corridors of the creeks and wetlands ofeastern portions of this zone. A particular foous is
the San ~Ioaquin Valley. Conversions of vegetativeagricultural drainage that contains extremely high.¯
cover by agricultural practices and loss of riparian~ selenium concentrations. Selenium is present in

I habitats, along with competition and predation bysuch high concentrations in some areas that there
non-native species, have reduced populations ofare potential human and wildlife health problems.
these migrants. Seasonal wetlands for migratory species, such as

waterfowl and shore birds, should be expanded
The San Joaquin Valley, with its wetlandand improved. Present restoration efforts can be
complexes, is an important waterfowl area. Largeexpanded by providing adequate high quality

I numbers of ducks, geese, and swans winter in thewater to the seasonal wetlands. Water supplies
Valley, del~nding on the high-quality foragingcan be improved by reducing or eliminating
habitat of the wetlands and adjacent riparian,diversions in streams and sloughs that flow into
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agricultural lands. Restoring natural watershed,floodplain processes should be enhanced through
stream, and floodplain processes on west sidesetback levees, stream meanders, and seasonal
tributaries to the San Joaquin River, including!flood overflow basins, which should reduce peak
Mud and Salt Sloughs, OrestimbeCreek, and Losflood flows to the San Joaquin River.
Banos Creek, will promote natural habitat
restoration. Emphasis should also be placed on VISIONS FOR ECOLOGICAL
connecting habitats and providing unbroken ~ROCESSEShabitat corridors necessary for species such as the
San Joaquin kit fox, kangaroo mrs, waterfowl, and
neotropical birds. CENTRAL VALLEY STREAMFLOW

Where possible, natural streamflows will beThroughout muchof the northernportion
zone are numerous intermittent creeks andprotected, enhanced, and restored ~o support
streams. Restored, they would provide higherriparian habitat and important species.
quality water and improved habitats. Excluding
cattle along the streams and creeks; removing NATURAL FLOODPLAIN AND FLOOD
gravel mining, and reducing diversions would PROCESSES

improve stream channels and riparian corridors.
Reforestation of sycamores has not been possible,Where possible, natural floodplain processes will
because cattle range through the creek bottomsbe preserved by allowing winter-spring flows to
and landowners are continuously moving the rockoverflow into riparian and wetland habitats.
beds around to pool water for the cattle during theNatural stream meanders will be encouraged by
summer months, when surface flows are minimal,removing, where possible, constraints on meander

belts, such as levees and bank protection. Na~al
The narrow strips of grasslands along thefloodplain overflow will ~help to collect
Califomia Aqueduct and Delta-MendotaCanal are floodwaters and sediment and dissipate the
managed intensively to suppress wildf’wes anderosive forces of flood waters.
erosion. The adjacent tributaries or drainages are
also managed for vegetation control to increase UPPER WAT~RSIIED PROCESSES
the runoff into the conveyance systems. Practices
should be modified to benefit species such as theHealthy watersheds provide for quality forest
San Joaqtiin kit fox, kangaroo rats, California red-lands, grasslands, and riparian systems. Healthy
legged frog, and native plants, such as perennialwatersheds also store water that later contributes
grasses. Alternatives to p~sticides should beto base flows in late summer. The vision is that
devei~ ’..~ or pesticides eliminated. This wouldmanagement and restoration of the upper West
enco~,~ .::~e natural r~covery of predator speciesSan ]oaquin Ecological Zone watersheds will be
like t~e kit fox, which help keep pest species inguided bya watershed planning and restoration
balance, while reducingcontaminantsenteringtheprogram that has broad support from local
system. Vegetation control practices shouldalsointerests, landowners, and state and federal
be modified to support the recovery of nativeagencies.
plants, such .as perennial grasses and wetland
species in the local watersheds..

~xtensive wetland areas in the eastern portions of
- : ~one adjacent to the San Joaquin River should

¯ " :~tected and expanded: Stream flow into the
~:.::.::=d-slough complexes should be improved.
Wat~~. quality should also be improved. Natural

Volume II: F~osy~tem l~xtoration Program Plan
’ ~-a ~,Y..DK~ West S~m Joaquin Basin ~:ological Zone gixion
~ ~ Draft: March 1998.

C--007066
C-007066



VISIONS FOR HABITATS AGRICULTURAL LANDS

RIPARIAN ANDRIVERINEAQUATIC Agricultural practices that provide valuable

HABITATS wildlife habitat will be encouraged. Riparian and
upland habitats will be protected and expansion

Riparian habitat, both forest and shrub, will be encouraged.

protected and expanded along zone streams and
wetlands. Remnant patches of high2quality VISIONS FOR REDUCING OR
riparian habitat will be protected. Disturbed ELIMINATING STRESSORS
habitat will be restored, where possible.
Agricultural and grazing practices will be "
modified in riparian zones to encourage riparian WATER DIVERSIONS

and SPA habitat recovery along streams.
Water diversions along valley streams and
adjacent marshes will be reduced, .where possible

Improvementsin streamflows will also benefit
riparian zones,

and needed, to protect and enhance riparian and

NONTIDAL PERENNIAL AQUATIC HABITAT
wetland habitats. Greater streamflows, especially
in drier years, will provide for expanded riparian
habitaL

Existing sloughs and ponds within and adjacent to
wetlands in the San Joaquin Valley will be

CONTAMINANTSprotected and new aquatic habitat created.

EMERGEN~WETLAND HABITAT Reduced input of toxins to valley streams and
wetlands will improve health, survival, and
reproduction of many important waterfowl andRemnant patches ofmarshlands will be expanded other wildlife. Reduced toxins also will reduce

and connected, where possible. New wetlands will contaminant effects on fish and wildlife in the San
be created. Joaquin River and the Bay-Delta. Levels of toxins

SEASONAL WETLAND HABITAT
in the fish tissues should be reduced.

VISIONS FOR SPECIESExisting seasonal flooding areas will be protected
and sources of water maintained or expanded to
promote higher quality wetlands, especially in ,~ RESIDENT FISH SPECIES
drier years. Areas where seasonal flooding
develops, seasonal Wetlands will be expanded. Many native fish species will. benefit from

improved aquatic habitats and stream

PERENNIAL GRASSLANDS channel/floodplain processes. Population
abundance indices should remain stable or

Upland habitats around the outer edges of and populationsizes shouldbelarge

wetlands wil! be protected and expanded, enough to fully recover from natural and human-

Grasslands and remnant oak woodland and oak induced disasters. The distribution of native

will be where resident fishes should increase with widespreadsavanna restored, possible.
habitat restoration.
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NEOTROPICAL MIGRANT BIRDS shown that soil productivity can be increased by
,leaving land out of production for extended

Protection, restoration, and enhancement of large,periods. Such practices, programs, and efforts can
contiguous areas of riparian and wetland habitatsrestoring blocks of wildlife habitat for relatively
that contain a great diversity in composition,long periods of time while enhancing crop
density, and make-up will benefit the recovery ofproduction and lessening the need for fertilizers
listed neotropieal migrants such as yellow-billedand chemicals. Incentives should be developed to
cuckoo as well as aid in the prevention of futureencourage landowners maintain at least 10% of
listing of additional bird species, their land as fallow or non-agriculture. Additional

incentives should be offered to land owners to
CALIFORNIA RED-LEGGED FROG permanently convert portions of ~eir lands to

natural habitats. This would effectively reduce the

Protection, restoration, and enhancement oft hestress of land use practices and the use of

zone streams and associated riparian and uplandcontaminants and improve wildlife habitat. An

habitats will benefit the recovery of the red-additional incentive program might entail
leg~exl frog. Efforts to manage invasive specieslivestcck exelosures to protect stream banks and

such as the bullfrog will also be carried out, whereallow sycamores and opportunity to regenerate.

necessary, to benefit the recovery as well.
Much of the vision can be accomplished through

WATERFOWL established restoration programs on federal and
State lands, as well as on private lands. The
Southern San Joaquin Valley Ecosystems

Protection, restoration, and enhancement ofProtection Program was initiated in 1986 to
wetland complexes and. beneficial agriculturalprovide a foundation for planning now to protect
habitats with adjacent upland habitats willfuture ecosystems and sensitive species in. the
impr°vewaterf°w!use" Southern San Joaquin Valley. This program

identifies opportunities to protect and to restore
INTEGRATION WITH OT~ER the connectivity Of the remaining natural habitat.

RESTORATION PROGRAMS The San Joaquin Drainage Implementation
Program is similar.

Much of the vision for the West san Joaquin
NONGAME 1ViIGRATORY BIRD I~IABITATValley can be accomplished through cooperative

efforts of landowners, agencies, and other CONSERVATION PLAN

stakeholders. Watershed conservancy organi-
zations should be established to structure suchThe U.S. Bureau of. Land Management

cooperative efforts. Funding and technical support. administers a habitat conservation plan for

should be provided to these conservancies tonongame misery birds. Recommendations are

oversee and conduct much of the restorationp~rovided; however, no funding is presently

work. available.

Some lands marginal for agriculture because of CENTRAL VALLEY ]]~ABITAT JOEWg

poor drainage can be purchased from willing VENTURE
sellers for conversion to wildlife habitat. Incentive
pl~r:s should be developed to allow land owners toThe Central Valley Habitat Joint Venture is a
maintain their lands and habitats consistent withcomponent of the North American Waterfowl
the vision. Agricultural management plans thatManagement Plan of the USFWS with funding
are more friendlyto wildlife, because studies haveand cooperative projects of federal, State, and

~_ ~
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private agencies. New sources of fundingconnectivity where needed and cumulative

I including CALFED restoration funds are being:benefits to the system.
sought to implement the joint venture. The joint
venture has adopted an implementation plan thatIMPLEMENTATION OBJECTIVES,

I includes the west side of the San Joaquin Valley.
Objectives incJude protection of wetlands throughTARGETS, AND PROGRAMMATIC
acquisition of in-fee title or conservation ACTIONS

i easements, and .enhancement of waterfowl habitat
in wetlands and agricultural lands. The objectivesTargets developed for the West San Joaquin Basin
and targets ofthe joint venture have been adoptedEcological Zone can be classified by their

¯ by the ERPP. reliability in contributing to attainment of the
implementation objectives.     The target

MANAGEMENT PLAN FOR AGRICULTURAL      classification system used in the following section

i SUBSURFACE DRAINAGE AND RELATED is as follows:
PROm~MS ON THE WESTSmE SAN

JOAQUIN VALLEY Class Description

¯ ¯ Target for which additional research,
This plan.is a framework for reducing impacts of demonstration, and evaluation is needed to
contamination by agricultural drainage water. The determine feasibility or ecosystem response.

i plan was prepared by the California Resources
Agency, DWR, Reclamation, USFWS, and USGS. ¯4, Target which will be implemented in stages

with the appropriate monitoring to judge
SAN JOAQUIN RIVER MANAGEMENT PLAN              benefit and success.             ¯

State Assembly Bill 3606 authorizes the San̄ ¯4, Target that has sufficient certainty of success

Joaquin River Management Plan to identify to justify full implementation in accordance

I factors the San River with adaptive management, program priorityadverselyaffecting Joaquin setting, and phased implementation.
and its tributaries. Problems being considered are                                              ,

I
flood prot~tion, water supply, water quality,

ECOLOGICAL PROCESSESrecreation, and fish and wildlife. Emphasis is on
a plan to restore and manage riparian corridors,
floodways, non-native vegetation removal, CEIVrRAL VALLEY S ~.TREAlVlFLOWS

I wetland restoration, and basin water quality. The
plan was developed by DWR and is administeredIMPLEMErCrATION OKIE~IaVE: The implemen-
by the San Joaquin River Parkway andration objective for Cenlral Valley streamflows is

I Conservation Trust. to restore basic hydraulic conditions to reactivate
and maintain ecological processes that create and

LINKAGE TO OTHER sustain habitat required for healthy fish, wildlife,

I and plant populations.
ECOLOGICAL Zol s

TARGET 1: Provide flows of suitable qualiW

I Many of the habitats, processes, and stressorswater that more closely emulate (imitate)natural
found within this ecological zone are similar toannual and seasonal streamflow patterns in West
those found in the Fresno Slough/Mendota BasinSan Joaquin tributary watersheds. Provide a total

i Subregion, and East San Joaquin Tributarieswatershed flow of 250 to 500 cfs to the San
Zone. Efforts within one ecological zone shouldJoaquin River in dry and normal years for a 10-
be similar to those in adjacent zones providing
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day period in late April to early MayPROGRAMMA~C ACTION 1A: Enter into
(approximately 5,000 to 10,000 af) (~). agreements with willing landowners and irrigation

districts to set back levees and allow floodplain
PROGRAMMATIC ACTION 1A: Enter into processes such as stream meander belts.
agreements with water disU’icts and wetland
managers to provide return flows of high qualityPROGRAMMATIC ACTION 1B: Expand existing
water from irrigated agriculture and seasonalfloodplain overflow basins by obtaining
wetlands to the San JoaquinRiver. easements of titles from willing sellers of

floodplain lands.
PROGRAMMATIC ACTION 1~: Enter into
agreements with landowners and water districts toPROGRAMMATIC ACTION lc: Reduce or
limit diversions of natural flows from streams toeliminate gravel mining and stream bed altering
improve stmamflows, from active stream channels.

PROGRAMMATIC ACTION 1C: Make seasonal RATIONALE: Restoring natural stream channel
releases from the California Aqueduct or Delta- and floodplain processes will help restore natural
Mendota Canal into streams and wetlands, habitat and vegetation.

PROGRAMMATIC ACTION 1D: Limit capture of UPPER WATERSHED PROCESSES
natural stream flows from westside tributaries into
irrigation canals and ditch~s and State and federalIMPLEMENTATION OBJECTIVE: Restore ecologi-
aqueducts, cal processes in upper watersheds that affect water

quantity and quality of the Bay-Delta and its
RATIONALE: Natural streamflow patterns are rivers and tributaries.
important in maintaining geomorphology of
watersheds, as well as riparian and floodplainTARGET 1: Restore upper watershed processes
vegetation along stream banks. Streamflow is alsothat maintain or improve water quality and
essential for the well being of valley wetlands andquantity (*~).
contributes to the flow of the San Joaquin River
and to Delta inflow. PROGRAMMATIC ACTION 1A: Reduce excessive

fire fuel loads in upper watersheds using natural
NATURAL FLOODPLAIN AND FLOOD processes.

PROCESSES
PROGRAMMATIC ACTION 1B: Improve land

IMPLEMENTATION OBJECTIVE: The implemen- management practices, including road building

ration objective~ for natural floodplains and flood and maintenance, and livestock grazing.
processes is to modify channel and basin
configurations to improve floodplain functionPROGRAMMATIC ACTION1C:Developwatershed
along rivers and streams in the Sacramento-Sanmanagement plans for the watersheds within the

West San Joaquin Ecological Unit.Joaquinbasin.

TARGET 1: Restore 10 to 25 miles of stream RATIONALE: Improved watershedprocesses will
channel, stream meander belts, and floodplainmaintain and restore seasonal water runoff
processes along westside tributaries of the Sanpatterns, water yield, and water quality and
Joaquin River(*4~). reduce sediment load to downstream storage

reservoirs (reducing storage capacity and
improving water quality). Healthier watersheds
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will also provide supplemental benefits to upper for tidal restoration, and complete the needed
watershed habitats and species. ~ steps to restore the wetlands to tidal action.

]:~A.~ITATS IL4TIONALE: Aquatic habitats provide valuable
foraging and resting habitat for waterfowl and

NONTIDAL PERENNIAL AQUATIC I-IABITAT habitat for a variety of special status species.

IMPLEMENTATION OBJE~ITCE: The implemen- PERENNIAL GRASSLAND I~IABITAT

ration objective for nontidal perennial aquatic
habitat is to increase its amount to provideIMPLEMENTATION OBJECTIVE: The implemen-

improved foraging and resting habitat for waterration objective for perennial grassland habirat is

birds, particularly diving ducks, and help toto preserve and restore this habitat type in
restore and maintain the ecological health of theconjunction with restoring floodplain riparian and
terrestrial and aquatic resources in and dependentvalley oak habitats. This will provide high-quality
on the Delta. habitat conditions for associated special-statns

plant species and wildlife.
TARGET 1: Evaluate the feasibility of restoring
’ 1,000 acres ofperermial aquatic habitat within andTARGET 1: E~aluate the feasibility of preserving

adjacent to existing wetlands (.~). and restoring perennial grassland habitats.

PROGRAMMATIC ACTION 1A: Manage existing l~o~~Tic ACTION 1A: Develop a

wetlands so that they maintain 40 percent opencooperative program to restore perennial
water and 60 percent vegetation, grasslands by acquiring conservation easements or

purchasing land from willing sellers.
I~II"IONALE." Aquatic habitats provide valuable
foraging and resting habitats for waterfowl. RATIONaLg: Restoring wetland, riparian, and

.adjacent upland habitats-in association with
~ESH ]~MERGENTWETLAND ~_4dBITAT aquatic habitats is an essential element of the

restoration strategy for this ecological zone.

IMPLEMENTATION OBJE~VE: The implemen- Eliminating fragmentation and restoring

ration objective for fresh emergent wetland habitatconnectivity will enhance habitat conditions for

is to increase its amount by restoring tidallyspecial-status species.

influenced fresh emergent wetland to provide
high-quality habitat for waterfowl, shorebirds, and SF~.SONAL WE~ ]~BITAT

other associated wildlife and rearing, foraging,
and .escape cover for fish, and expand theIMPLEMENTATION On,mCTWI~: The implemen-

populations and range of special-status and State-ration objective for seasonal wetland habitat is to

and federally listed plant and animal species torestore and manage this habitat type to restore and ~ ..
assist in their recovery, maintain the ecological health of the aquatic

resources; restore foodweb .and floodplain

TAROET l: Evaluate the feasibility of restoring orprocesses; reduce the effects of contaminants and

creating fresh emergent wetland habitat (~). water management on aquatic resources; and
provide high-quality foraging and resting habitat

PROGRAMMATIC A~rrIoN 1A: Develop a for wintering waterfowl, greater sandhill cranes,
cooperative program to acquire, in-fee title orand migratory and winterir~.g shorebirds.

through a conservation easement, the land needed

I IZolura~ 1I: F.cosystem Restoration Program Plan.

~ ~ West San J~uin ~in ~olo~l ~ V~ion
~ ~ ~afi: M~h 1998

~9

G--00707~
(3-007071



TARGET 1: Evaluate the feasibility of creating or
improving seasonal wetland habitats, IMPLEMENTATION OBJECTIVE: Restore connec- ¯

’tivity of grasslands and agricultural lands in the 1
I~ROGRAMMATIC ACTION 1A: Acquire lands northern portion of the basin to support
adjacent to existing seasonal wetlands fromunimpeded movement ofwildlife such as the San
willing sellers or conservation easements. Joaquin kit fox.

TARGET 2: Provide 150,00~ af of water to TARGET 1: Restore and maintain migration II
existing wetlands to improve ~:~aterfowl habitatcorridors of native plants of more than one mile in 1
(.). width (,).

2A: Provide water to PROG~,ATIC ACTION 1A: Purchase land or I~ROGRAMMATIC.ACTION
wetlands on a seasonal basis from the Californiaconservation easements on which to restore
Aqueduct, Delta-Mendota Canal, or other source, wildlife habitat to connect existing grassland or 1

agriculturalwildlife habitat. ¯
Z!~4TIONALE: Improved seasonal wetland habitat
will provide additional seasonal habitat for RA170NALE: Corridors of habitat are necessary 1

waterfowl, between larger habitat areas to ensure potential
recovery of kit fox populations in the San Joaquin

RIPARIAN AND RIVERINE AQUATIC Valley.
HABITATS

ISTRESSORS
IMPLEMENTATION OBJECTIVE: The implemen-
tation objective for riparian and riverine aquatic CONTAMINANTS
habitats is to restore riparian scrub, woodland, and 1
forest habitat along largely nonvegetatedIMPLEMENTATION OVJEcrt~: The implemen-
riprapped banks of Delta island levees, theration objective is to reduce concentrations and 1
Sacramento and San Joaquin Rivers, and majorloading of contaminants in the aquatic
tributaries of the Sacramento and San Joaquinenvironment and the subsequent bioaecumulation
Rivers to create corridors of riparian vegetation to(increase of contaminants in plants and animals)
provide shaded riverine aquatic cover forby aquatic species. Reducing contaminants would
anadromous and other fish species, and to createincrease survival of aquatic species and eliminate
high-quality habitat for associated-special-statuspublic health concerns resultingfrom 1
plant and animal species and other wildlife, accumulation of toxins in tissues. []
TARGET 1: Restore ~ miles of riparian habitatTARGET 1: Evaluate the feasibility of reducing I1
totaling 500 to 1,000 acres (4~). the application of herbicides, pesticides, 1

fumigants, and other agents toxic to fish and
I>ROGRAMMATIC AC~rlON 1A: Restore riparian wildlife on 20,000acres of agricultural lands that ¯
forest habitat on lands purchased from willinghave the greatest risk to fish and wildlife 1
sellers or obtained via conservation easements, populations (,).

~!~ITIONALE: Additional riparian forest habitat PROGRAMMATIC ACTION 1A: Acquire land from I
would improve habitat for many special status willing sellers in areas with demonstrated
plant and animal species, subsurface agricultural drainage problems and

elevated levels of selenium and return those lands I
AGRICULTURAL LANDS to native alkaline scrub habitat.

~_ ~
Volume 11: Ecosystem Restoration Program Plan I

..~ BA~4~I~LTA West San Joaquin Basin Ecological Zone Vision
¯ l~ ~ Draft: March 1998 "

,450
!

C--007072
C-007072



PROGRAMMATIC ACTION 1B: Enter into CALIFORNIA RED-LEGGED FROG
conservation easements with willing landowners
to modify agricultural practices in ways to reduceIMPLEMENTATION OBJECTIVE: Restore the
loads and concentrations of contaminants, dism’bution and abundance of red-legged frog to

levels that will help assist in its recovery.
PROGRAMMATIC ACTION 1C: Provide incentives .Recovery of this species will contta’bute to overall
to landowners to modify agricultural or other landspecies richness and diversity and reduce conflict
use practices that contribute to the input ofbetween the need for its protection and other
contaminants into waterways, beneficial uses of land and water in the .Bay-

Delta.
RA110NAI~: Reducing the inputs of contaminants
into waterways from the lands with thegreatest T AI~G~T 1: Create viable, self-sustaining
inputs would provide significant improvement in populations of red-legged frog while enhancing
water quality in streams and wetlands, as well as existing and restored aquatic habitats for other
in the San doaquin 2~iver and Bay-Delta.

nativespeeies(*).

SPECIES PROGRAMMATIC AC’I’~ON 1A:     Develop
watershed management plans to protect riparian

RESlDEI~’T FISH SPECIES and wedand areas occupied by rod-legged frogs.

IM~’~ATION The TARG~-’r 2: restored wetlandOBa’ECTIVE: implementa- Manage a.lld
tion objective for resident fish species in the Westhabitat to minimize predation on red-legged frog
San Joaquin Ecological Zone is to maintain andby non-native fish, bullfrogs, and crayfish (¯).
restore the distribution and abundance of resident
native fish species, such as hitch, hardhead, roachPROGRAMMATIC AC’rlON 2A: Evaluate the
and other native fish species, feasibility of reducing exotic predators such as

bullfrogs, black bass, sunfish, and crayfish and
TARGET: Maintain and improve existing speciesrestore habitat by creating canals, side channels,
diversity, age structure, population distributionand baclfflow, pools containing emergent
and abundance levels (¯): vegetation. Provide the critical components of

reproductive, forage and eseal~ cover.
PROGRAMMATIC A~’~Or~S: Resident fish species
will directly benefit from proposed actions in theRA~IONAt~: In areas where livestock graze in
ecological zone, to improve str~amflow andwatersheds inhabited by red-legged frogs,
riparian and dverin.e aquatic habitat and open themanagement plans should be developed to protect
floodplain to seasonal inundation. Similar actionshabitats and increase the potential ofmaimaining
are proposed for many other ecological zones asadequate ~d~ter quality, especially in drought
well. years. Also, manage habitats occupied by red-

legged from to avoid or minimize detrimental
RarlON~z~E: The cumulative benefits from the agricultural practices such as discing, mowing,
actions proposed in the West San Joaquin burning, and application of herbicides and
Ecological Zone will support and contribute to the pesticides.
restoration of many fish, wildlife, and plant
communities dependent on the stream channels, Restoring the habitats for this species will also
floodplains, and riparian corridors, result in restoration of habitat for special status

plant species and rare plant associations.
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The introduction of non-native fish, bullfrogs, neotropical migratory bird guild depend on the
and crayfish has reduced the distribution of red- ~flora of California to forage and reproduce,
legged frogs throughout their range. These typically from about May until September. The
species prey and larval, juvenile, and adult red- birds normally spend the rest of the year in
legged frogs. Restoration of this species requires Central and South Americc~
quality aquatic habitats that are protected from
invasion by non-native species and other human Neotropical birds occur throughout the California
induced disturbances associate with land use and are associated with most of California’s
practices, habitat types, including forested woodlands,

riparian and montane riparian habitats,
NEOTROPICAL MIGRATORY Brm~s unforested lowlands, grasslands, shrub habitats,

valley foothill hardwood, valley foothill
~LM~LEM~NTATION OIM-ECTIVE: Maintain healthy hardwood-conifer, and wetlands. Population
populations in order ~to conlribute to overall levels of mtmy of these species has declined,
species richness and diversity and reduce conflictprimarily as a result of the loss and degradation
between the need for their protection and otherof habitats on which they depend, both in
beneficial uses of land and water in the Bay-Delt~California and on their Central and South

American wintering areas. In California, .the
TARGET: Increase the abundance and distributionquality and quantity of important neotropical
of neotropieal migratory birds in the Centralmigrant bird habitats have been substantially
Valley(O). reduced primarily by their conversion to

agricultural, industrial, and urban uses, and land
PROGRAMMATIC ACTIONS: The following types use practices that degrade the values provided by
of general programmatic actions will assist inthese habitats. Achieving the implementation
meeting the target for neotropieal migratory birds:objectives for the western yellow-billed cuckoo

and Swainson’s hawk will also help achieve the
¯ increase wetland, riparian, grassland, andimplementation objectives for other neotropical

agricultural habitats, migratory birds as well.
¯ improve watershed health,
¯ . improve specific nesting habitats ~ for WATERFOWL

individual species within their existing and
restored habitats, and IMPLEMENTATION OBJECTI~: Maintain and

¯ .protect nesting habitats from predators andrestore the distribution and abundance of
human disturbance, waterfowl to contribute to species richness and

dive.~ity and reduce conflict between the need for
RATIONALE: ~7"te neotropical migratory bird their protection and other beneficial uses of water
guildcomprisesbird species that breed in North in the Bay,Delta.
America and winter in Central .and South
Americc~    Representative species of the TARGET: Improve populations and distribution of
neotropical migratory, bird guild are the western waterfowl (~).
kingbird, western wood-pewee, tree swallow, cliff
swallow, northern oriole, Wilson’s warbler, and PROGRAMMATIC ACTIONS: Waterfowl will
yellow-breasted chat. Individual visions are indirectly benefit from restoration of marshes,
de~=topedfor some neotropical migrants, such as riparian corridors, and nontidal ponds and lakes.
th: ;’Twainson "s hawk and yellow-billed cuckoo,
aT=: .~hose visions contain more specific targets RATIONALE: Restoring large areas of riparian
relating to those species.All species of the habitat freshwater marshes, and adjacent ponds

Volume I1: ~¢osy~tera Restoration Program Plm~
West San doaquin Basin Ecological Zone Vision

Draft: March 1998

452-

C-007074



and lakes will provide feeding and nesting habitat
for many species of waterfowl.
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CALFED Figure 5
BAY-DELTA Ecosystem restoration Program Plan South Delta
PROGRAM DRAFT , Ecological Unit

April 8, 1997
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CALFED Figure 6
BAY-DELTA Ecosystem Restoration Program Plan Central and WestPROGRAM DRAFT

Delta Ecological Unit
April 8, 1997
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CALFED Figure 8
BAY-DELTA Ecosystem Restoration Program Plan Sacramento River
PROGRAM DRAFT Ecological Zone

April 8, 1997
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Reclamation, US Environmental Prot~otlon
Agenw, Montgomery Watson’.

CALFED Figure 14
BAY-DELTA Ecosystem Restoration Program Plan American River Basin
PROGRAM DRAFT Ecological Zone

April 8, 1997
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CALFED Figure 16
BAY-DELTA Ecosystem Restoration Program Plan Eastside
PROGRAM DRAFT Delta Tributaries

Ap,. s, lm Ecological Zone
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CALFED Figure 17
--~ BAY-DELTA Ecosystem Restoration Program Plan San Joaquin River

PROGRAM DRAFT Ecological Zone
April 8,199/
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